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AN EXPERIMENTAL INVESTIGATION OF THE STRUCTURAL DYNAMICS OF A 
TORSIONALLY SOFT ROTOR IN VACUUM 


SUMMARY 

\ 

'An extensive data base of structural dynamic characteristics has been 
generated from an experimental program conducted on a torsionally soft 
tvo-bladed model helicopter rotor system. , Measurements of vibratory 
strains for five nodes of vibration were made at tvonty-one locations on 
the tvo blades at speeds varying from 0 to 1000 RPM and for several 
combinations of pre'one, droop and flexure stiffness. The tests were 
conducted in vacuum under carefully controlled laboratory conditions using 
a unique excitation device which uses a system of piezoelectric crystals 
bonded to the bit ; surface near the root. Frequencies, strain mode shapes 
and dampings are extracted from the time histories and can be used to 
validate structural dynamics codes. The dynamics of the system are such 
that there is a clear tendency for the first torsion and second flap modes 
to couple within the speed range considered. Strain mode shapes vary 
significantly with speed and configuration. This feature is important in 
the calculation of aeroelastic instabilities. The tension axis tests 
confirmed that the modulus-weighted centroid for the nonhomogeneous airfoil 
is slightly off the mass centroid and validated previous static tests 
performed to determine the location of the tension axis. 
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INTRODUCTION 


An accurate knowledge of the dynamic characteristics of rotor blades 
is essential in order for the designer to be able to determine the extent 
of susceptibility of the rotor system to aeroelastic instabilities . These 
dynamic characteristics include the natural frequencies, mode shapes and 
damping of both the individual blades and rotor system. A data base of 
these characteristics experimentally obtained under controlled excitation 
for different configurations of the rotor obtained (covering a range of 
pitch, precone and droop settings at ..several rotor speeds) can be used to 
validate structural dynamic analysis models. 

Accurate measurements of the structural dynamic characteristics in air 
or in an operating environment cannot be made because of the influence of 
aerodynamic damping. In nearly all rotor experiments, modes which exhibit 
high aerodynamic damping are virtually impossible to measure. Further, 
aeroelastic coupling among the blade modes produces responses which do not 
represent directly the basic natural system mode characteristics of the 
rotor blades. Tnerefore it becomes essential to obtain by measurement the 
fundamental modes and their characteristics in a vacuum environment and to 
use these data to validate analytical models. The validated models can 
then be used with confidence in the design-analysis process. 

A motivation for the present effort comes from the results presented 
at the methodology assessment workshop (Ref. 1) in which wide variation and 
discrepencies between test data and corresponding aeroelastic analyses of 
hingeless rotor models were reported by participants from industry and 
government. The validation of the isolated structural dynamics component of 
a rotor system mathematical model is an important step in developing an 
aeroelastic computer code that can be used with a high level of confidence. 

This report presents the results of an effort to experimentally 
determine the structural dynamics of a torsionally soft 6.32 foot diameter 
two bladed rotor system in vacuum. Frequencies, mode shapes and damping 
for the first three flap bending modes, first torsion mode and the first 
lead-lag mode were measured in vacuum at speeds varying between 0 and 1000 
RPM covering a range of droop, precone, pitch angle and pitch flexure 
combinations as follows: 


Droop 0, -5° 

Precone 0, +5°, 

Pitch 0, +12°, -12° 

Pitch Flexures: Soft and stiff 
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Vith 21 strain gages distributed at selected spanvise locations on the 
tvo blades, a total of nearly 4000 time histories were recorded for 
analysis at each speed. The blades used are the same blades vhich vere 
tested by Sharpe, 1986 (Ref. 2), in order to establish the Plap-Lag-Torslon 
aeroelastic stability of the rotor. Reference 2 presents, in much more 
detail the background of this important problem area and serves as the 
basis for the investigation reported here. The only other attempt made in 
this regard is by Lee (Ref. 3) but the method of excitation used vas such 
that torsional characteristics could .not be obtained accurately. The 
uniqueness of the present effort liet’cn the use of an excitation device 
vhich can excite a desired mode using a system of properly positioned 
piezoelectric crystals. The crystals are bonded to the blades and under a 
sinusoidal pner input, experience alternating strains which in turn are 
imparted to the blades through the bond. This results in a clean and 
reliable tethod of exciting th® blades at their resonances. This system 
has been found to be effective in exciting the first five codes of the 
rotor system. The system is described in detail later in this report. 
Vibratory data has been recorded from strain gages for all test 
configurations at 0 and 1000 RPrf and at three intermediate speeds for some 
configurations. The data vere reduced using Fast Fourier Transform (FFT) 
techniques and a modal curve fitting procedure. 

An accurate assessment of steady bending and torsion loads cannot be 
made without accurately locating the blade tension axis along the chord. 
This experimental program therefore, included measurement of the position 
of the tension axis (i.e. the position of the modulus-weighted centroid 
along the chord; an important section property of nor.heaogeneous structural 
members) for the baseline configuration. 

The report presents the details of the program, a discussion of 
results obtained along with principal conclusions reached. 


TEST OBJECTIVES 

The specific test objectives of this program were: (a) to determine 
the location of the tension axis of a specific blade of the rotor system in 
vacuum at speeds up to 1000 Ri’M by measuring the static lead-lag bending 
strain distribution, and hence bending moments, (b) to obtain the dynamic 
characteristics, namely strain mode shape, natural frequency and modal 
damping for the first five modes of the rotor by measuring the distribution 
of dynamic strains at predetermined locations on the blades while spinning 
at speeds up to 1000 RPH in evacuated conditions, and (c) to determine, 
through such measurements, the influence of precone, droop, pitch and pitch 
flexural stiffness. 





ROTOR MODE'. 


As shown in Figure 1, the rotor model selected for the proposed study 
is a 6.32ft diameter isolated hingeless two bladed rotor model with a NACA 
0012 airfoil having no tvisl or taper. This rotor constitutes 
configuration IIA as used in the Integrated Technology Rotor/Flight 
Research Rotor (ITR/FRR) Methodology Assessment Study (Ref. 1). The rotor 
was originally used for aeroelastic stability studies reported in Reference 
2, and is described in detail therein. The blade construction outboard of 
the 9.5X radius consists of a unidirectional Kevlar spar and 0.003 inch 
(.0762 mm) thick glass fiber cl..th skin. The blade profile is maintained 
by a polyurethane foam core. Inboard of the 9.5X blade radius, the 
flexible blade is bonded into an airfoil shaped aluminum alloy cuff 
attached to the root flexures at the hub. Embedded in the leading edge are 
tantalum segments for center-of-gravity and cross sectional polar moment of 
inertia control. The cross-sectional properties were designed so that the 
center of gravity and the elastic axis are coincident with the quarter 
chord point. 

The dimensionless lead-lag and first flap blade frequencies, (1.5 and 
1.13 respectively), are representative of typical hingeless full scale 
rotors but the dimensionless first torsion mode frequencies, (2.87 with the 
stiff flexure and 2.56 with the soft flexure), are less than, typical full 
scale values. The dimensionless frequencies were obtained by dividing the 
natural frequencies by the nominal rotor speed of 1000 RPM. 

The rotor hub design permits variation of the pitch flexure (control) 
stiffness, along with the precone, droop and pitch angles. Two pitch 
flexures were used in the tests. The relatively soft one had a torsional 
stiffness 7.062 times that of the blade whereas the stiff one was almost 
10000 times stiffer than the blade. Interchangeable hubs provided the 
precone angles of 0 and 5 degrees as required in the testing. The required 
droop angles of 0 and -5 degrees were obtained by having interchangeable 
wedges positioned between the blade cuff flange and the outboard face of 
the pitch flexure. Pitch angle settings of -12, 0 and 12 degrees for 
testing were obtained by rotating the blade outboard of the pitch flexure, 
at the interface between the pitch flexure and the droop wedge. 

The six basic rotor configuration cases that were investigated are 
shown in Figure 2. These were selectively combined with the three test 
pitch angles to give the twelve selected test configurations for which 
vibration data were obtained. 
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VACUUM SPIN RIG 



The UTRC Centrifugal Testing Facility (Spin Rig) was designed from its 
inception as a research tool dedicated to measurement of the in-vactsj 
- structural dynamics of rotating blade assemblies. As shovn in Figure 3, 
this rig is an above-grouno facility with a test chamber measuring 
approximately ten feet in diameter and three feet in height. Principal 
mechanical features of the spin rig are the vacuum pump system ar.d the 
rotor drive system. 

The vacuum pump system evacuates the test chaater down to 100 
millitorrs in less than 8 minutes. An automatic vacuum valve will isolate 
the test chamber to prevent air leaking in should a power failure occur. 

The drive system consists of an 8-inch Barbour-Stockwell air turbine 
and its associated electro-pneumatic servo control throttle valve which is 
able to maintain required speeds at better than ± IX. The bottom flange “t 
the turbine is fitted with a magnetic pickup and a 60 tooth gear to provide 
the signal to the speed control unit. A safety interlock system protects 
against any loss of oil pressure, oil flow, or oil level in the re'^rvoir. 

A remotely operated turbine brake control will function in the event of a 
power failure, an overspeed trip solenoid air valve will shut off the 
drive air when the selected value of maximum speed is attained. 

A unique feature of the facility is the base mounted rotor drive 
assembly which provides complete accessibility to the model rotor and 
unobstructed viewing through the lid from above. Figure 4 shows the 
conceptual arrangement of the model rotor installation in the test 
facility. The model was mounted to the top of the drive shaft using a 
special adapter. The drive shaft rotates in a squeeze film damper bearing 
incorporated in the sealed duplex bearing assembly mounted beneath the rig 
floor. The lower end of the shaft is connected to the air turbine using a 
flexible coupling. A 40-channel sl'p ring unit is similarly connected to 
the lower end of the turbine shaft. Figure 5 shows the model rotor mounted 
in the spin rig. Prio. to testing, with the model mounted on the shaft, 
the rig model frequencies, were determined using an instrumented hammer and 
signature analysis methods. The lowest frequency found was 88 Hz for a 
shaft bending mode in the direction of the blade radial axis. This 
frequency is above *he minitnum recommended in order to preclude the 
dynamic coupling between the rig and the rotor blade lead-lag motion fro* 
contaminating isolated blade frequency and damping measurements. 

Initial runs were made to 980 RPH with the chamber evacuated down to 
300 Diillitorrs. No indication for the nee' of balancing was evident. 
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PIEZOELECTRIC CRYSTAL SXCITATION S7STEM 


The research objectives of this program required that the technique 
chosen for the excitation of rotor systems should be one in which the 
level, frecuency, and phase characteristics of excitation can be 
controlled. In this way, the individual modes of each blade and of the 
rotor could be excited at speed, to permit determination of the modal 
parameters from resulting response data. The Piezoelectric Crystal 
Excitation System developed at UTRC satisfies this requirement and was used 
in this program. 

The piezoelectric crystal, by virtue of its unique electromechanical 
properties, is ideally suited for exciting structures with minimum 
modification of the structural mass and stiffness properties and can be 
used in both rotating and nonrotating tests. Piezoelectric crystals have 
previously been successfully used as structural exciters in studies of 
bladed disk forced vibrations (References 4 and 5). In the above 
applications piezoelectric crystals vere used also as transducers to 
measure strain in the various structures. Excitation by crystals can be 
effected in two vays. In the first, a crystal sandwich is positioned 
between two components of the structure such that when a .oltage is applied 
to the faces of the crystal, relative motion between the components 
result. Disadvantages of this method are the change in stiffness of the 
structure that occurs at the crystal-structure junction and the high 
excitation voltages required. In the second, an elongated crystal wafer is 
bonded to the surface of the structure such that when a relatively low 
voltage is applied to the crystal, a longitudinal strain is imparted to the 
surface which in turn produces a local bending norent about the neutral 
ax's and so bends the structure. This method is obviously best suited to 
excite plate-like structures and was thus selected for the present 
application. 

Crystal wafers are attached to • olade surface at locations where 
significant strains are expected in the nodes of interest. Each blade is 
instrumented in this way and the crystal installations become a permanent 
feature of the blade assembly. Electronic circuitry has to be provided to 
enable the phasing between each blade exciter and input power level to be 
varied as requireo. Thus, blade modes and rotor modes can be excited. 

A UTRC designed and fabricated excitation control unit provides for 
independent level and phase control of the a.c. voltage supplied to each of 
the crystals on the blades. This independent control of the phase angle 
between the crystals permits the optimum excitation of each mode, both 
symmetric and antisymmetric. Such values are dialled in for each channel 
at the master control panel. Phase angle is variable from 0 to 360 degrees 
in steps of 1.41 degrees. The amplitude control to each channel is 
continuously variable from 0 to 140 volts peak. The signal generator used 
is a Hewlett Packard Model HP 3311A with an external control unit to allow 
very fine frequency tuning. The ± 150 volt d.c. power vas supplied by two 
NjE Model EA160-8 units. 



The piezoelectric drive crystals attached to the blades for the 
present test program were of G1356 material supplied by Piezo Electric 
Products. They were made of lead zirconate titanate ceramic material with 
nickel surface electrodes. The elements, nominally measuring 1.0 x 0.5 x 
0.010 inch, were epoxied directly to the upper surface of each blade as 
close to the cuff as possible. Tvo drive elements were attached to the 
upper surface of each blade, one above the spar and one at the trailing 
edge as shown in Figure 6. These locations were chosen in order to 
maximize excitations of all the bending and torsion modes of interest with 
minimum disruption of the original section properties. Tvo vires from each 
crystal were routed to teitainal strips bonded onto the cuff. From these, 
connections were made to coaxial cables which vere routed down the drive 
shaft to connect with the four channel control console via slip rings. 


INSTRUMENTATION 

In order to measure steady bending moments at tvo locations on the 
blade and distributed vibratory blade response, tvo sets of instrumentation 
and data acquisition systems vere utilized. In both cases, the required 
parameters vere derived from the output of skin-surface mounted strain 
gages. 

For the bending moment measurements used to locate the tensile axis, 
blade S/N 5 was instrumented with the same system of gages as vas used in 
the stability investigation reported in Reference 2, i.e., the gages vere 
mounted near the cuff in a conventional four arm bridge arrangement to 
measure blade flap, lead-lag and torsional moments. The flap and lead-lag 
gages vere at 12X blade span and the torsional gages vere at 14X span. 
Additional gages however, arranged to measure lead-leg moments, vere 
located at 34X span. The gages vere Micro Measurements type CEA-06-187 
UV-350 (for flap and lead-lag) and CEA-06-187UV-35Q (for torque). 

The strain gage leads vere routed through the center of the drive 
shaft and turbine to the slip ring unit and then connected to the bridge 
excitation and signal conditioning system. This system vas the front end 
portion of the Analog Data Recording System (ARES). This is a semi- 
portable system for the automatic acquisition of static and dynamic test 
data with oscillatory frequency rates from zero to 20 kHz. A maximum of 28 
analog signals can be processed. Each channel incorporates independent 
signal conditioning and amplification. The signal conditioners vere 
specifically designed for strain gaga type transducers and provide 
regulated excitation up to 10 volts. The amplifiers provide voltage 
amplification of 1, 10, 100 or 1000, and are each equipped vita low pass 
signal filters vith roll off frequencies of 10Hz, 100Hz, 10kHz, and 100kHz. 
Signal monitoring vas achieved th-ough a single channel selectable digital 
display readout vhich includes RMS measurement capability for averaging 
dynamic signals. The excitation voltage used vas 2.0 volts. The 
conditioned analog signals vere then digitized using a Perkin Elmer PE3220 
computer controlled data acquisition unit and the steady state responses 
tabulated . 






Calibration of the gages vas accomplished directly by applying forces 
and moments, using a system of weights at the blade tip, and recording gage 
output vith the blade stationary. 
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For the vibratory measurements one blade, S/N 8, vas instrumented 
extensively vith strain gages at 16 locations for modal identification 
purposes, while the other blade, S/N 5, had gages at five locations near 
the root for determining modal frequencies and damping and to assess 
coupling betveen the blades. 

Pretest calculations were performed to assist in locating the gages 
such that sets of gages wcralti 4>e sensit.%* to particular types of modes, 
i.e.flap, edgewise or torsion, and give a reasonable estimate of the span- 
vise distribution of dynamic strains in each mode. 


The principal analytic tools used were the E1S9 preprocessor and the 
coupled mode (eigensolution) calculation portions of the G400 rotor 
aeroelestic analysis (Ref. 6). The E159 preprocessor portion of G400 
calculates, from distributions of section properties, the uncoupled 
flatwise, edgewise and torsion normal modes. Uncoupled modes are defined 
to be those calculated from omitting pitch, twist, droop and precone 
effects. These effects were modeled using the coupled mode eigensolution 
calculation portion of G400. The mass and stiffness data, shown in Table 
1, were distributed over 20 blade segments in a format compatible vith G**00 
requirements. The node point locations tor these segments are shown in 
Figure 7. The flexure was located at the first blade segment, taken just 
outboard of the hub. The area radius of gyration distribution along the 
blade was approximated by using the torsional inertia and mass of each 
segment. 

The uncoupled bending and torsion modal characteristics of the blades 
were determined for each of the two pitch flexures at rotor speeds of ISO, 
400, 600, 900 and 1000 P.PM using the E159 routine. A tabulation of the 
natural frequencies calculated for the first three flap and first edgewise 
and torsion modes versus speed is given in Table 2. In order to obtain 
coupled nodal characteristics it vas essential to include precone, pitch 
and center of gravity offset in the blade equilibrium calculations. This 
made it necessary to calculate time-history solutions prior to the 
calculation of the eigenvalues. The blade precone angle vas defined to be 
the built-in angle which the blade pitch axis makes vith the plane of 
rotation due to hub orientation at the root. Blade droop vas defined as 
the built-in coning outboard of the pitch change bearing. Using these 
inputs, sample calculations were made. Difficulties were experienced vith 
unstable solutions resulting in excessive amounts of pitch and droop for 
the soft flexure at high speed. Also the complex mode shapes shoved an 
unreasonable amount of torsion in many of the modes. The frequencies 
however, agreed well vith those of the uncoupled analysis. Further 
investigation of these problems was beyond the scope of the effort. 
Therefore, all decisions on gage location were based on the results from 
uncoupled analyses. 
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The uncoupled displacement mode shapes were examined for node position 
change with configuration and speed. These node excursions are shovn in 
Figure 7. The strain gage locations vere ctosen on the basis of maximum 
strain for a given type of mode with minimum response in the other types of 
mode. The selected locations on blade S/N 8 are shovn in Figure 7 and 8. 
Four locations (#1, 2, 3, 6 4) along the spar vere selected to identify the 
flap modes. These vere in a half-bridge hookup vlth a gage on the upper 
and lover surfaces. Three locations (15, 6 &7) along the trailing edge on 
the lover surface vere selected for edgevise mode identification. These 
vere connected in a single-arm bridge arrangement using a 350 ohm resistor 
in the other arm. For torsion mode identification, three locations (#8, 9, 
10 - 111,12, 13 - #14, 15, 16) vere selected and a rectangular rosette, 
comprising three single-arm gages, vas attached to the upper surface at 
each location. On blade S/N 5, the locations closest to the cuff vere 
gage-J, namely #1, 5, 8, 9, & 10. 

The strain gages selected vere Micro Measurements type EA-13-250BF-350 
(single gage) and type EA-13-250RD-350 (rosette). Prior to Instrumentation 
of the blades, the thermal integrity of a candidate strain gage vas checked 
in vacuum using a gage on the spare blade. The gage (type CEA-XX-1E7V-350 
vith a grid area of 0.034 sq inch approx) vas instrumented vith a 1 mil 
K-type thermocouple connected to a data acquisiton unit. A vcltage of 6.7 
volts vas applied across the gage in a half-bridge connection simulating 
the proposed test conditions using strain gage amplifier modules. In air, 
the steady state temperature measured vas 120 degrees F and at a reduced 
pressure of 100 mlllitorr, the temperature rose and stabilized at 131 
degrees F. It vas concluded that the selected strain gages vould be 
suitable for the proposed testing. 

Signal conditioning vas accomplished using tvelve UTRC designed and 
built units mounted radially in the hub-to-shaft adapter as shovn in Figure 
5. These precalibrated units provided the half-bridge completion netvork, 
excitation voltage (6.9 volts), signal amplication (“430) and multiplexing 
svite’ning control. (/ input channels, l output channel). Onboard 
amplification vas required to minimize cross-talk betveen the strain gage 
signal leads and the crystal exciter supply vires going up through the 
center of the drive shaft. 

The strain signals vere filtered, digitized ar.d recorded on magnetic 
tape by the computer controlled UTRC Aeromechanical Transient Logging 
System (ATLAS). For the present tests sampling rates of from 100 to 4000 
samples/second vere used to cover the required frequency range. The 
maximum number of data channels that could be acquired simultaneously by 
the ATLAS vas tvelve. In order to obtain correlated data from all twenty 
one strain sensors, a multiplexing system vas employed. The strain gages 
vere grouped into three sets vith three reference gages common to all sets. 
The reference gages selected vere at locations #1, 5, and 9. The 
allocation of channels in each set is shovn in Table 3. When the command 
to acquire data vas given to the ATLAS computer, the multiplexing switches 
in the on-board signal conditioner units vere set and strains vere recorded 
from eaih set consecutively as directed by the computer. 
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I:. order to allow an independent determination of nodal 
characteristics from the dynamic tests, analog data were obtained from the 
"static" set of gages on blade S/N 5 and gage tl on blade S/N 8. These 
time histories wore recorded on magnetic tape using a Bell and Howell 
Oatatape VR370OB F.M. recorder. A triggered pulse was simultaneously 
recorded to maiK the start of each transient event. The set up parameters 
and channel assignments are given in Table 4. 


DESCRIPTION OF TESTS 

J 

Neutral Axis Location 'Tesui, 

The objective of these tests was to determine the lead-lag moment 
caused by the tensile axis centor-of-gravity offset without the influence 
of aerodynamics. 

Prior to spin testing, the moment sensitive gages or, Dlade S/N 5 were 
calibrated by directly applying forces and moments using a system of 
veights at the blade tip and recording gage output with the blade 
stationary. The calibration determined for the lead-lag bridge was 2.33 
ft-lb/mv. 

The rotor was then spun up and the output of the lead-lag bridge was 
recorded at speeds of approximately 200, 400, 600, 800 and 1000 RPM. 

Vibratory Nodal Characteristics 

The objective of this series of tests was to identify, for each of 
twenty four distinct mechanical rotor configurations and four pitch angles, 
the eight lowest blade hub-fixed natural modes in terms of strain mode 
shape, natural frequency and damping values. Twelve configurations were 
tested and these are listed in Table 5. The case numbers correspond to the 
ITR Configuration II-A cases with subcases indicated by (a), (b) or (c) 
relating to the pitch angle used. Three pitch angles were tested (-12, 0 
and 12 degrees). In general, data were recorded for the first three flap 
(1F,2F,3F), first edgewise (IE), and first torsion (IT) modes at the zero 
speed condition and at 1000 RPM. Data at intermediate speeds were recorded 
for two basic conf igi'rations. 

Initial tests were performed to determine the optimum phasing of the 
drive crystal signals to excite all the required modes and in particular, 
the differential edgewise or lead-lag mode. The collective lead-lag mode 
was not intentionally excited. 

The procedure to obtain a data record required the rig to be first 
stabilized at e specified speed. Then the crystals were energized at a 
specified voltage level and phasing. To find the system frequency, a 
responsive strain gage channel was monitored visually on an oscilloscope as 
the exciter frequency was swept slowly about the expected frequency of 
interest. When it was seen that the blade response was at a maximum, other 
gages were switched on and observed. By noting their amplitudes and 
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phasing, the node excited could be identified. At this point, the 
excitation vas switched off and data for one set of gages vere acquired and 
recorded on magnetic tape. Data from the remaining two sets of gages vere 
recorded for the identical conditions in the same way. Table 5 shows the 
order in which the tests vere performed giving the configuration, speed, 
record number of each datapoint and the modes for vhich data vere obtained. 

Throughout the test program, a problem in the vacuum rig drive train 
caused an undesirable one-per-rev excitation vhich contaminated the crystal 
generated transient response data. The rotor response characteristics vere 
composed of one-per-rev and M';?.er harmonics, not only in the lead-lag 
torque mode but also in the flap and torsion modes through coupling. 
Particular difficulties vere experienced at speeds vhere natural frequency 
order line coincidence occurred i.e., at 600 to 800 RPM (edgevise and 
torsion modes) and at 1000 RPM (torsion mode). It vas later determined 
that a possible source of the roughness vas a slightly damaged squeeze film 
damper bearing. 

Following the tests on the spin rig, the dynamic gages on blade S/N 8 
vere calibrated in a bench test, by statically loading the tip of the blade 
with a series of force.: and moments. The resulting sensitivities at each 
location for flap vise, edgevise and torsional loadings are given in Table 
6 Rotor configuration vas configuration |1 with zero pitch. 


DATA REDUCTION 


Vibratory Modal Characteristics 

Data reduction programs, as described in Appendix A, vere used to 
extract the natural frequency, damping, amplitude and phase from each 
recorded strain respor se tine history. These results vere then compiled 
and presented in tabulated form as shown in Tables 7 to 35. Because of the 
large number of time histories (nearly 4000) to be processed, certain 
rejection criteria vere written into the program to remove obviously 
anomolous response data. The removal is indicated by a zero value in the 
amplitude and phase columns. 

Inspection of the dynamic strain gage post-test calibration as shown 
in Table 6 indicates an obvious inconsistency in the sense of gages 11, 2, 
3, and 4 with the convention that tension is positive for each gage. These 
gages vere the only ones connected in a tvo-gage half-bridge configuration 
vhich accounts for the sense change. In the data reduction therefore, the 
signs of the conversion factors used for these gages vere changed. 
Examination of preliminary results for mode shapes indicated that the sense 
of gage #8 vas incorrect although no cause could be found. However, to 
make the mode shapes as tabulated more logical, the sign of the conversion 
factor for gage #8 vas also changed. 



DISCUSSION OF RESULTS 


Neutral Axis Location Tests 

The millivolt readings were converted to measure moments using the 
previously determined calibration factors. In order to relate these 
results with those measured statically by Sharpe in Reference 2, the 
equivalent tensile loads applied at the measuring section were determined 
for each of the speeds using the given veight distribution (see Table 1) 
for the blade. The measured moments are shown plotted against these 
equivalent tensile loads in Figure 9. The speed scale is also shown for 
reference. The "best fit" line through the static results obtained by / 
loading the blade with radial forces applied at the quarter chord point at 
the tip as shown in Figure 49 of Reference 2 is also shown in Figure 9. 

As can be seen, the slopes of the static and spin tent results are 
essentially the same indicating that the methods are equivalent. Thus the 
determination of the tension axis location described in Reference 2 is 
valid. 

Vibratory Nodal Characteristics 

The measured modal parameters- (frequencies, damping and strain mode 
shapes) for the five modes and for all the test configurations and speeds 
are tabulated and presented in Tables 7 through 35. In each of these 
tables, the natural frequencies for both blades are shown. The mode shapes 
have been normalized with respect to a reference gage appropriate to each 
rode. The reference gage number and the normalizing factors (amplitude and 
phase) are shown at the bottom of each column. By normalizing on the same 
gage in each multiplexed set of strain data and relying on the fact that 
each time history was recorded at the same point relative to the input 
signal, a set of correlated values for all gages on the rotor is obtained. 
The results for blade S/N 5 are normalized separately and shown in a 
separate coluan in each table. The phase angles within ± 10 degrees of 0 
or 180 degrees are rounded off to either 0 or 180 degrees respectively. 

The natural frequencies for all configurations and at all speeds arc 
tabulated and shown separately in Table 36 through 40. Variation of the 
natural frequencies with respect to rotor speed is represented in Figures 
10 and 11 for three selected configurations only (Configurations 1(a), 2 
and 6 (c)). Refer to Table 5 for the definition of each configuration. 
Strain mode shapes for each mode in these three configurations are 
represented in Figures 12 through 17. 

The following observations are made with reference to the figures and 
tables discussed above: 

Some results from the experiments, vhile confirming nrtrin features 
that were expected, also help establish the validity of data. For example, 
the frequencies of flap modes increase significantly with rotor speed, 
whereas the frequencies of torsio- and edgewise modes are less sensitive to 
speed. Similarly, flexure stiffness influenced the torsion mode frequency 
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more significantly than the bending mode frequency. 

Hodal strains have been normalized with respect to an "appropriate” 
reference gage selected at the start of the program for the purpose of 
correlating the three multiplexed sets of data. However, the complexity of 
strain distribution in the higher order and/or highly coupled modes causes 
other gage locations to have higher output at times. Therefore, the 
tabulated data and the graphical presentations occasionally show normalized 
strains larger than 1.0. This can be seen in Figure 17 where large 
edgewise strains influence the coupled "first torsion" mode. 

Large edgewise strains are evie€av*w the first torsion code at high 
rotor speeds. These strains are tvo to three times the magnitude of the 
reference strain (gage #9). These strains appear to be larger for the 
stiff flexure configurations. During the tests, difficulty was experienced 
in exciting distinct modes around 800 RPM. This is where the predominantly 
first torsion and the predominantly second flap modes coalesce. 

Examination of Table 10 indicates that the modes at 48.5 and 49.4 Hz shown 
in Figure 10 are essentially the same i.e., a highly coupled second flap 
mode with a large first torsion component. Apparently, the first torsion 
mode was not sufficiently excited and consequently, was not recorded. 

The measured second flap and first torsion modes are not pure modes 
and this feature is evident even at speeds removed from that at which the 
frequencies coalesce. For example, at 600 RPM the nominal second flap mode 
contains 27X torsion and the nominal first torsion mode contains 114X 
bending strain content. These reach 118X end 70X respectively at 800 RPM 
and continue to maintain this highly coupled nature at 1000 RPM. 

Structural damping measured in all the modes was found to be low (less 
than 1% critical). 


CONCLUSIONS 


Basic vibratory characteristics have been measured for the tvo bladed 
helicopter rotor blade system under carefully controlled laboratory 
conditions. The vibratory strain and frequency data taken over a rurge of 
speeds up to 1000 RPM for several combinations of precone, droop and 
flexure stiffness can be used to calibrate structural dynamic analyses 
codes. Strong coupling exists between modes (especially between torsion 
and flap modes and edgewise and flao inodes) and the influence of this 
coupling in terms of forced vibration, as well as aeroelastic stability, 
could be significant. 

Vibratory strain distributions at speed are quite different from those 
at rest indicating the need to calculate mode shapes at speed accurately so 
that reliable calculations may be made to determine the susceptibility of 
the rotor to aeroelastic instabilities. It should be noted that strains, 
not displacements, were measured in this program and therefore, it would be 
necessary to calculate displacements from the strain surface and/or measure 
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the displacement field directly. As the blade displacements constitute an 
important input into any aeroelastic stability calculations, it vould be 
desirable to have a data base of displacements for the purpose of direct 
calibrations of structural dynamic analyses. 

It was found that the frequencies of the tvo blades were slightly 
different from each other. Therefore, one blade could be excited at its 
resonant frequency while the other is slightly off resonance. This tends 
to make excitation of rotor modes difficult. Studies need to be undertaken 
in regard to determine whether the aeroelastic stability of a rotor could 
be improved by deliberately aistuning the blades. 

The quality of data taken in this program is somewhat influenced by 
the presence of an extraneous one-per-rev excitation that could not be 
eliminated since it would have required complete disassembly of the rig. 

It vas shown that all modes of interest of the rotor could be excited 
through the piezoelectric crystal excitation system and therefore the 
system represents a reliable and accurate method of inducing vibrations of 
similar components in an experimental program. 

Tension axis tests at speed have confirmed that the modulus-weighted 
centroid for the nonhomogeneous airfoil is slightly off the mass centroid 
and validate the static method of determining the tension axis location 
described in Reference 2. 
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APPENDIX A 


DATA REDUCTION PROCEDURES 

The reduction procedures for the vibratory strain response data from 
the model rotor tests in the vacuum spin rig test facility are presented in 
this appendix. The strain response data were recorded in digital form on 
four separate magnetic tapes by the ATLAS data acquisition system. These 
data contain twelve different rotor configurations derived from tvo 
different pitch flexures and various pilch- droop, and precone angles. For 
each configuration, the rotor speed “was varied between 0 and 1000 RPM. and 
at each rotor speed, the twu dladet, Xd^s-i-gtraied as Made number 8 and 5), 
were excited at each of their first five natural frequencies by 
piezoelectric crystals. Detailed parameters for the configuration, the 
rotor speeds, the fundamental modes, the record numbers, and the tape 
numbers are summarized in Table 5. 

The strain responses at various points on the blade surfaces were 
recorded by twenty one (21) strain gages. These strain gages are grouped 
into three different sets as shown in Table 3. The bridge configurations 
and conversion factors for cc^h strain gage output from voltage to 
micro-strain are also presented on the same table. It was found that a 
total of approximately 4,000 strain response signals needed to be 
processed. 

The data for each multiplexed set (or 'mux') were taken at three 
different instances in time and common reference channels were established 
in order to correlate these data. The amplitude and phase angle from one 
of the thr^-e common channels (or common gages) were used as normalizing 
factors in the presentation of mode shape results. 

In the sections which follow, the four steps involved in this strain 
data reduction are presented. They are: (1) modification of existing UTRC 
modal analysis computer programs (2) preparation of the run-point 
specification input files (3) evaluation of the frequency and damping 
results for all cases, and (A) compilation of the mode shape results for 
all cases. 
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Modification of Modal Analysis Computer Programs 


The existing UTRC modal analysis computer programs vere updated for 
extracting the modal parameters from the strain gage responses described 
above. Figure 18 depicts the program logic established for this analysis. 

The strain response data vere sequentially recorded on magnetic tape. 

In order to retrieve and process a specific record from these tapes, the 
computer first reads & set of the .run-point specifications from a input 
data file. Detailed discussions of this input data file are given in the 
next Section. In this input data file, if the run number (vhich is also 
called record number in this report) is zero, the program goes back to read 
another set of the run-point specifications. If the run nuaber is less 
than zero, the program stops. This setup provides a high degree of 
flexibility in executing the program using the same input data file. If 
the run number is greater than zero, the computer searches for the same run 
number from the magnetic tape. If the run number on the tape matches that 
given in the input data file, then the two modal analysis programs are 
called in to perform the modal parameter estimates. The algorithms of 
these tvo modal analysis programs are described in Figures 19 and 20, 
respectively. 

Due to a large number of time histories involved in this study, tvo 
different techniques vere used for different purposes. The first one, 
vhich i3 based on the complex, exponential, modal curve fitting algorithm 
(Figure 19) is used for processing the data of the reference channel only. 
The second technique uses the FFT frequency spectrum interpolation formula 
(Figure 20) and is applied to all channels except the reference channel. 

In Figure 19, the x(t.) represents the time histories to be 
analysed, and curve-fltted J by an analytical formula represented by Y 
(t.). The data point index j varies from 1 to N (number of points). Y 
( t j ) is essentially a summation of several damped harmonic vave forms 
containing four parameters fer each mode. These parameters are the damping 
value (£ ri ) the frequency (27Tf m ), the sine and cosine coefficients (A m ,B m ), 
vhere ra is the mode index varying from 1 to NH (number of modes). The 
analytical values for Y (t*) are obtained through a least squares curve 
fit betveen Y (tj) and X (ij) for all data points. 

Vhen the FFT program is executed, an amplitude plot vill be obtained 
as shown in Figure 20, and a phase angle plot (not shovn). The frequency 
resolution of the FFT spectrum will depend on the sampling rate (f s ) and 
the number of data points used in the FFT analysis. The true frequency 
(f), true amplitude (A), and true phase(^) may be located between any tvo 
frequenc- bins f u and £ u +l.The formulas used to compute these true modal 
parameter for the boxcar window are presented in the same figure. 

The time domain modal curve fitting (KCF) has proven to be a very 
reliable and efficient way of extracting the modal frequency, damping 
value, amplitude ard phase angle from a transient response signature. 
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Although the UTRC modal curve fitting program can fit up to four modes from 
any time histories, a bandpass filter vas also used in conjunction with 
this MCF program to isolate only the principal mode of interest. 

Because the damping value should be the same for all gages in *he same 
mode, the MC r program is used only in processing the data of a reference 
channel. For the mode shape information, the FPT spectrum interpolation 
formulas shovn in Figure 20 were used. These formulas have been used in 
many studies and have proved to be very efficient and reliable. By 
properly combining the MCF and FPT spectrum interpolation algorithms, it 
vas estimated that a net saving of approximately 80 percent of computer CPU 
time vas achieved. 


Input Cats Files of Run-point Specifications 


In order to run the nodal analysis computer program, an input data 
file for each configuration under consideration must be prepared. Figure 
21 shovs an example case of this input data file. In the input data file, 
the run number, the mux number, the plot option, the excitation frequency, 
the bandpass filter cutoff frequencies, the reference channel, the data 
length to be used for modal curve fitting, the time vindov function (for 
this study the boxcar vindov is used), and the channels to be processed are 
specified. 

Execution of this computer program can be either in active mode 
(primarily for obtaining the time series and FFT plots) or batch mode by 
simply assigning a value of 0 to 1 or the I0?T parameter. ICPT - 2 is 
assigned if only the reference channel is of interest. 

In assigning the bandpass filter cutoff frequencies, ve have 
considered the excitation frequency, the data length, and the sampling rate 
used in obtaining the digital response data. These relationships are given 
in Table 41. The bandpass filter is used not only to isolate the principal 
mode for obtaining a filtered time series from the reference channel for 

modal curve fitting, but also is used for specifying the frequency range 

for FFT spectrum interpolations in the remaining channels. 

It vas found that seme gages often have very high noise-to-signal 
ratios. Sometimes, there exists a very high peak near the principal mode 
in the FFT spectrum. In these cases, the bandpass filter assignment is not 

enough for rejecting the noise. It vculd require some additional 

specifications, such as the actual excitation frequency, or the number of 
the mode to be considered in the modal curve fitting program. These are 
provided through the input parameters of "HUR2" and "MM 1 *. 
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If a data array contains zero values throughout the entire time 
history, the program will print out a message and skip that channel. If 
the FFT spectrum contains no apparent peaks inside the bandpass filter, the 
program vill print a different message and also bypass that channel. In 
either case, the amplitude and phase in the mode shape table are replaced 
by zero values. If the amplitude and phase for the reference channel are 
zero (either no signature or no apparent mode within the bandpass filter), 
the program vill search for a maximum amplitude in the mode shape table and 
perform modal curve fitting on that channel to obtain the damping value 
estimate. 


Evaluation of Frequency and Damping Results 


The UTRC modal analysis computer programs can provide graphic outputs 
^Figures 22 to 24) as veil as tabulated results (Figures 25 to 27). In the 
early stage of this data reduction, efforts were concentrated on checking 
the calibration constants used in the data acquisition system, and those 
recorded on the tape for the baseline case (Case 2 of Table 5). The plot 
option vas turned on to obtain all plots for the time series, FFT spectrum, 
the input signals and results trom the curve fitting program. 

The frequency and damping estimates for the baseline case were 
carefully evaluated through cross examinations of the signature and the FFT 
plots (Fig. 22), and the inputs and results of the curve fitting (Fig. 23), 
and the ATLAS tape dump( Fig. 25). Some minor errors were discovered in 
the ATLAS data acquisition system software, but they were corrected through 
the data processing programs later. 

Figure 22 shovs a typical strain response time history and its FFT 
spectrum from channel 1 of record 588. The test condition, the date, the 
rotor configuration, and the sampling rate used in obtaining the digital 
data arc clearly indicated. This represents one of the better signals 
available for analysis. It vas found that the small peak appearing at 20 Hz 
on FFT plot had caused some disturbances in the time series plot. However, 
when the bandpass filter is applied, the filtered time history, shown in 
the upper frame of Figure 23 became much smoother. The lover frame of the 
same figure shows the curve fitted results, which agree very well vith the 
inputs. Figure 24 shovs the strain response from channel 5 of the same 
record. It can be seen that this signature contains a substantial amount 
of noise. The modal analysis algorithms described above were able to 
extract the modal information without any difficulty. 

In addition to the above output, the program also provides three more 
outputs as shown in Figures 26 .o 28. Figure 26 gives detailed lists of 
the modal curve fit and the FFT spectrum interpolation results. In the 
modal curve fitting, the frequency, damping, amplitude, and phase angle 
were estimated simultaneously. In the FFT spectrum interpolation, only the 
frequency, amplitude and phase angle vere estimated. At the end, a summary 
of the modal analysis for that particular record (run) is printed. 
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Compilation of Mode Shape Results 


As mentioned earlier, a total of 21 gages vere used for obtaining the 
strain responses for the two blades. These gages vere grouped into three 
separated sets. Figure 27 shows hov the results are correlated for 
obtaining the mode shape information. Because only the channel number can 
be specified in the input aata file instead of the gage number, special 
care was made to separate those gages from blade S/N 8 and blade S/N 5 in 
the third set. After that, the amplitude and phase angle of the reference 
gage in each r-jx vere used as references for obtaining the normalized mode 
shapes. The frequency and damping vaiues listed in Figure 27 are the 
averaged values obtained from the three separate records for a reference 
gage on blade S/N 8. For blade S/N 5, the damping value va? not calculated 
and only the frequency value is tabulated. 

An output data tape vas also prepared, vhich contains the processed 
results as shown in Figure 28. The tape is vritten in ASCII format and has 
a block size of 80 bytes. 

The data are organized in accordance vith the run number. For each 
run record, there are two groups of data. Grcup-1 occupies only one data 
block and contains the data for the record number, the mux number, the 
number of channels to be included in Group-2, the frequency (Hz), the phase 
angle (degree), the normalizing amplitude (micro-strain), and the reference 
phase (degree) in that order. These data are vritten in a FORTRAN format 
of ( 3 ( IX , 14 ) , 4(1X, £14. 8)). 

Group-2 will occupy several data blocks depending on the signal 
condition for each channel in the same record. The parameters p ^sented in 
this group are the channel number (not the gage number), the normalized 
amplitude, and the corrected phase angle vith respect to that of the 
reference channel. These are vritten in a FORTRAN format of (2X, 14, 2(2X, 
£14. 8)). 
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TABLE 2 


CALCULATED BLADE NATURAL FREQUENCIES (Uncoupled Nodes) 


Frequency Hz. 


Speed Node; 


Flex 

RPM 

1st Flap 

2nd Flap 

3rd Flap 

1st Edfre 

1st Tor 

Stiff 

150 

5.92 

32.61 

89.38 

22.44 

38.93 

Soft 

150 

b.90 

32.51 

88.99 

21.76 

32.03 

Stiff 

400 

9.23 

36.62 

93.62 

22.69 

40.77 

Soft 

400 

9.21 

36.51 

93.22 

21.99 

33.90 

Stiff 

600 

12.50 

41.77 

99.44 

23.05 

43.33 

Soft 

600 

12.48 

41.66 

99.03 

22.33 

35.97 

Stiff 

800 

15.92 

48.04 

106.99 

23.54 

46.09 

Soft 

80C 

15.90 

47.91 

106.55 

22.78 

38.22 

Stiff 

900 

17.66 

51.46 

111.29 

23.33 

47.51 

Soft 

900 

17.63 

51.32 

110.24 

23.04 

39.39 

Stiff 

1000 

19. .0 

55.01 

115.89 

24.15 

48.98 

Soft 

1000 

19.36 

54.87 

115.42 

23.33 

40.57 






TABLE 3 STRAIN GAGE CHANNEL ALLOCATION AND CONVERSION FACTORS 




Nux 

No. 

Channel 

No. 

Gage 

No. 

Blade 

No. 

Bridge 

Configuration 

Factor 
for pc 

1 

1 

1 

i 

1/2 

-321 

1 

2 

2 

8 

1/2 

-321 

1 

3 

3 

8 

1/2 

-321 

1 

4 

4 

8 

1/2 

-321 

1 

5 

5 

8 

1/4 

4642 

1 

6 

6 

8 

1/4 

4642 

1 

7 

7 

8 

1/4 

4642 

1 

8 

8 

8 

1/4 

-642 

1 

9 

9 

8 

1/4 

4642 

1 

10 

10 

8 

1/4 

4642 

2 

1 

1 

8 

1/2 

-321 

2 

2 

11 

8 

1/4 

4642 

2 

3 

13 

8 

1/4 

4642 

2 

4 

14 

8 

1/4 

4642 

2 

5 

5 

8 

1/4 

4642 

2 

6 

15 

8 

1/4 

4642 

2 

7 

16 

8 

1/4 

4642 

2 

6 


8 

1/4 

4642 

2 

9 

9 

8 

1/4 

4642 

2 

10 

12 

8 

1/4 

4642 

3 

1 

1 

8 

1/2 

-321 

3 

2 

— . 


1/4 

4642 

3 

3 

5 

5 

1/4 

4642 

3 

4 

8 

5 

1/4 

4642 

3 

5 

5 

8 

1/4 

4642 

3 

6 

9 

5 

1/4 

4642 

3 

7 

10 

5 

1/4 

4642 

3 

8 

— 

— 

1/4 

4642 

3 

9 

9 

8 

1/4 

4642 

3 

10 

1 

5 

1/2 

4321 


Parameters assumed constant for each module or gages 

gage factor » 2.1, excitation voltage - 6.9, module gain ■ 430 


Ml 
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TABLE 4 

PM TAPE RECORDER SET-UP 


Channel 

Input 

Volts 

pk-pk 

Output 

Volts 

PM ’ ‘ 

Band 

Width 

Hz 

Parameter 

Assignment 

Blade 

Mode 

1 

4.0 

1.414 

5 

BL5 GA1 ARES CHI 

Flap 

2 

3.5 

1.414 

5 

BL5 GA2 ARES CB2 

Edge vise 

3 

2.0 

1.414 

5 

BL5 GA3 ARES C33 

Torsion 

4 

3.5 

1.414 

5 

BL5 GA4 ARES CH4 

Edge 0/B 

5 

8.0 

1.414 

5 

BL8 CA1 ATLAS CHI 

Flap 

6 

7.0 

1.414 

5 



7 

4.0 

1.414 

5 



8 

7.0 

1.414 

5 



9 

5.0 

1.414 

5 

One per Rev. 


10 

5.0 

1.414 

5 

Transient Pulse 


11 

1.414 

1.414 

5 

Cal Signal 1 kHz 


12 


1.414 

5 



13 


1.414 

5 



14 

Voice 

1.414 

5 

Voice 



i 

i 

i 

! 




\\ 


t 


i 



TABLE 5 TEST CONFIGURATIONS AND NODES ANALYZED 


ITR Configuration Rotor Nodes Record Tape 


Case 

Flex 

Pitch 

Precone Droop 

RPH 

Analyzed 

No. 

No 

1(a) 

Stiff 

0 

0 

0 

0 

1F,2F,3F,1E,1T 

7-112 

2 






400 

IF, 3P, IE, IT 

202-216 

2 






600 

1F,2F,3P,1E,1T 

218-233 

2 






800 



235-251 

2 






1000 



254-272 

2 

1(b) 

Stiff 

12 

0 

0 

1000 



301-316 

3 






680 

1F,2F,3F,1S, IT 

317-334 

3 

5(a) 

Stiff 

0 

0 

-5 

0 



401-418 

3 






1000 



419-439 

3 

5(b) 

Stiff 

12 

0 

-5 

1000 



440-459 

3 






0 

1F,2F,3F,1E,1T 

464-478 

3 

6(a) 

Soft 

0 

0 

-5 

0 

1F,2F,3F,1E,1T 

479-496 

3 






410 

IF, IE 


521-526 

3 






710 

1F,2F,1E 

512-520 

3 






1012 

1F,2F,3P,1E,1T 

497-511 

3 

6(b) 

Soft 

12 

0 

-5 

0 

2F,3F,1E,1T 

527-541 

4 






1000 

1F,2F,3F,1E,1T 

542-559 

4 

6(c) 

soft 

-12 

0 

-5 

0 



558-572 

4 






1000 



573-587 

4 

2 

Soft 

0 

0 

0 

0 

1F,2P,3F,IE,1T 

533-607 

4 






775 

IF, 2F, IE, IT 

626-637 

4 






1000 

1F,2F,3F,1E, IT 

603-625 

4 

4(a) 

Soft 

0 

5 

0 

0 

1P,2F,3F,1E,1T 

638-652 

5 






1000 



653-663 

5 

4(b) 

Soft 

12 

5 

0 

0 



670-6S& 

5 






920 




5 






-1000 



687-703 


3(a) 

Stiff 

0 

5 

0 

0 



704-720 

5 






1000 



721-735 

5 

3(b) 

Stiff 

12 

5 

0 

0 



751-768 

5 






1000 

2F,3F,1E,1T 

736-750 

5 


I 

t 

I 


f •* i ( * * % * „ , *. % . s . * *. *. • '« • • % % *••*••«•••«•* * • 



TABLE 6 POST TEST STRAIN GAGE STATIC CALIBRATION 


STRAIN GAGE SENSITIVITY 


Gage/Loading Flap |jc/lb 


Lead/Lag nc/ft.lb Torsion pe/ft. lb 




, A/F forward 


L/E Up L/E Dovn 


1 

1304 

-8 

-87 

20 

2 

1023 

-4 

-105 

2 

3 

698 

1 

- 66 

- 11 

4 

381 

1 

-101 

- 151 

5 

201 

201 

-109 

- 140 

6 

89 

160 

- 48 

- 127 

7 

92 

140 

35 

22 

8 

-1124 

43 

319 

205 

9 

- 4S0 

35 

1498 

1725 

10 

135 

- 15 

9 

13 

11 

- 752 

22 

131 

105 

12 

- 329 

118 

1795 

1616 

13 

132 

- 9 

22 

92 

14 

- 219 

6 

57 

61 

15 

- 88 

- 7 

1169 

1655 

16 

41 

- 2 

44 

44 


X’V . ."WWo*. v'V’ v' 0 \‘ 



TABLE 7 


HODAL PARAMETERS FOR CONFIGURATION 1<«) AT 0 RPM 


F«fOU(N:V. 3. IX Ml tIL XOt «>• 3.13 M2 <11X01 » » * OXHMMC* 0*** t 


MCOIO NO* 1 

» L g • > 

* iku - s?«mi «ofsi 

} 8:8 

I 8:8 ? 8:8 

l 8:8f? .,8:8 

8:8;s lJ 8:8 

l 8:88? 8:8 

I 1 *. OOX llv - 


XICOXO MO. I 

MUX 2 l *.0 XI 


**x 

tKU * IU*l (Ofil 


i O.lio 

[l 8:8|j 

; 8 :$$? 

. 2 0.000 




ti S n » ioI&I 


XICOXO NO . . * 
MUX 1 t»LO *» _ 

1C* *HE ” PM 3 

IHU-JIXNl IOICI 


•.••I 1*1.0 


M 00 (« IX . »»«• 

XICOXO BO. 

MUX 1 i ■ lo 


0. F*E a UtNCT* »1. IT Ml IlktDt II. 


Ul 

Art * 

IftlfSTfiNt 

« oi £» 

1 

1.003 

8 :ih 
*:$ 
8:825 

0 * 0*3 

5*2 

i 

tll:i 

0.0 

J 

. i 

» x 8 :§ 

8 

8;8 

.0 

0*0 

ME 1 

!*.,*» 

UT.X 

MOM • 

IE , Mem * 

0 , 


ll.Ql HI llt*01 >1. 0IMI1MC* Q.*l t 
0 MO. 1 XICOXO HO* * 


xicoxo no. l 

MUX 1 I UM I 

« »«i INI 

IMU'itXNI IOICI 


XICOXO NO* » 

_mux_ 3_I| l J tl 
I ** ”* hp ~ ~ phi 

IMU-IIXNI IOICI 


* IXU-tlMl loi 

i l:W I.i 
! t'M S 
\ 8:k li 

; ill I 

l Ix * i 0 » 1 M 


IXf OUENCT* 11.11 Ml <iL*Oi •». tO.ll Hi ItlxDl II. 0 xM|InC» 


* 8:U 

•2 8:8|8 

- p.fiB# 


feS°S D «5 E 6 „ l 

* imu - 8 t*ni totcf 


__ i, 1 


m5x°5°I6?0 


»»P , 
lMU - Jt*Nl 


xicoxo eo , 

MUX 1 IKB 


*MX 

( Xu - irat.i 


O.XT t 

.1 


XOUE* 11 . «»N* 0 * 

M&x°i°ii°i ir 

lC ' |Mu-f 7 «N| I 0 IM 

! 0.003 0.0 

O.Oxx -»**.» 
0.003 0.0 

J l:ttl °2:i 

* »*•»* ::b 

8:8 

0.0 


* 0.103 


IXIOUlNCV* lx. 01 Ml Ittxol *1. lx. 03 Ml lK»0* II. 0 *hP.N 6 x o.xo t 


eico«a mo. 

MUX 2 I»c 0 


IHU*1TXB I «0icf 


ix . isr 
0 . 3 X 0 


MCOIO ic . 10 * 
MUX 1 I CLP *1 

3 CI HI Ml 

IMU'ITXHI IOICI 

i e.ooo o.o 

: 8:??8 8:8 

; -,8:8 


gjgVfa it* 

' IX 1 P *£| 8 nI lolc ? 


MOOI* IT. 


XICOXO NO. 
HU* l I XLO 


*NP PMl 

IMU . VI 4 NI IOICI 


IXISUINCTX x*.*. Nl 101*01 ftl, 
XICOXO M3. 1.1 XI 

MUX 2 II. 0 *1 MU 


IXVITIX I IOICI 
O.COO 0.0 


XI. X* Hi llUDI II. OXMMNC* 0.X3 c 

sss°t o ,gg5 iv asy.sh »» 

lTXMl lolci *** I " IX *, TxM | IOICI 


SO HI {Ml 

(NU-1TXNI IOICI 


c*8 8:8 






i'a ' x *“* • .*> k ^ VvV ^. Ni’i 


( 



TABLE 8 


MODAL PARAMETER* FOR CONFIGURATION 1 (a) AT 400 RPM 


100* 1 


F, «»*■ *6o. FIEOuEnCt* *.41 Hj *1. «.«» Hi IILtOE 51, OANPINC* 0.12 X 


•ECOIO NO. 2 02 
l (HU tl 


HOI 


SC* 


ANP 

INU-STINI 


} 

» 

5 

10 

1 * 1 


11 . 00 * 


PHI 

(DEC) 

0.0 

8:8 

ip :3 

Mi l:i 


1 * 0.0 

-*».* 


•ECOtO NO. 
Nut 2 (1.0 


203 

*1 


SC* 

i! 

I| 

9 

w 


At\r 

(RU-STR*) 

4 : 8 g 8 
8:828 
8 :i>* 

- an 


OoO 

8 :m 

0**23 


PH S 
IOECI 


*• 8:8 

m 


!*•* 


*ECo *0 » 0 . 20 * 

■tut J (S L 0 it 


SCI 

1 


»nP 

(■Ht-STtHt 

i.oos 

a.ooo 

S.ooo 


olios 

- 0.000 

* 8:858 

o.ooo 

l 1 *.» 2 * 


PhS 

101*1 

0.0 


II 


8:8 

8:8 

0.0 

-lTl.» 


SS 8 w » 8 « 8 h IT _ 

*** ihU>(tSnI (DEC? 

8:8 

8 8:8 

* 1:8 

10 

I 

1 I.T** 1.3 



Il00f« 2*« «PH» *00. P«*00|HCTo 3*.** h2 (BLADE *». 32.30 HI IIUOE »>. MHPI.Cn 1.3* * 


BECOIO «0. ?0» 
_HU«_I_(»LO II 

SCI* " "**»” PHJ 
(au-stchi ioeci 


h: 82 ? 

urn 

1 . 12 * 

0.*J| 

8:l« 


Hf 1 l9#99J 


8 

% 

10 


188:8 

0*0 

-* 8:8 

“ 8:8 

IS*.* 


• EC 0*0 NO. 20* 


IIC°«0 HO. 202 
«U* 1 10*0 ll 



•ECOIO HO. 20? 
•ox s isi6 si 


SC* IIP 
mv-mni 


* 

10 


21 .* 


1.000 


PHS 

ICICI 

0.0 

ll 8:8 

l ! 5:8 

8:8 

0.0 

0.0 


• oO|. If. I*N« *00. 

» S ° 5 °. K « 

■(.?« 


A«P 

IW 


sc* 

(NO-STlttl 

1 l.Oj 

nr 


i 

i 

8 

J 

«F 1 


Kip 

b:& 

8 : 82 i 

0*120 


P*EOUfHCr. *3.1* H 2 I ILAOE *»• »6*ll H2 |U»0E *1« 0*HP|HC* 0.31 l 


.0.0 

1 * 0.0 

1 * 0.0 

i. 9 :? 

> 5 *:* 

0.0 

.0.0 

1 * 0.0 


16. IT? -ll?.* 


gfCOlO * 3 . 20 ? 
HU? 2 mo II 


s&« 

.1 

IS 

5 

12 


tnu- 


1.000 

0 .f 39 

O.iSl 

0.810 

e.io* 

0.981 

8 :ioo 

S: 8 Vi 


( 014 ? 

i*o!o 

e.o 

0.0 

1 * 0.0 

o.' 

ito.o 

o.o 

0.0 

1 E 0.0 


•ECOIO NO, 210 
NUX 3 ( DLO ll 


SC* 

1 


APP 

1 AU-StINI 

1.680 

O.f 0 

O.C-JO 


8 a 8 s 

0 , 6 * t 
e.C'ia 

B:S 8 J 

0.000 


PHS 

IOECI 

0.0 

0.0 

ioi :9 

p 

o.o 

C* 3 


SSV . H * 11 ° 


set ARt 

<*V-*T**I 


..IS! 


« 

10 


i il.il? 


1 17 .S ?1 - 10 *.* 


1 I*. 303 -11*. 3 


Art 

tap 

m 

i*m 


H.U 

-i! 3 ;s 

.nf:! 

* 8 :s 

s:8 

0*9 


ftOOf* 1 K« «t P* 900 • ?QC 6 UtHC*» 29,10 H 2 (IUD! •)» 29.31 

tfcCOsO *p. 211 
"U* 1 tfc»-D fit 


JUCOaO HD 212 

Muz 2 (ElD tt 


$Cl 


I MW* 


9 

10 



*&• 

1 

is 

16 

9 

12 


IRiP-lTCH) 

0..00 

o.ch 

o.oic. 

o.ooo 


O 3 »MOi - 22.1 


Pp-S 

(OiC l 

O.L 

0 . 0 

ieo.o 

0.0 

1 * 0.0 

*a. J 


3 2*. 2*3 -*1.« 


| : ec.o 

8 :ooo 
0 . 0*1 
0.62* 


m 


IECOTO NO* 
PUt J I860 


8:888 

8 : 8 oo 

21.3** 


H2 IIUOE 31. OaHiInCn o.»i t 

KECC39 80. 213 
bus 3 I HIP 31 


SC * l*f-St**l 

i 8:888 

8 : 5 ?? 

063 


(I 

PHS 

IOECI 

8:3 

8:3 

8:8 

8:8 

“ 5:3 


SC* *f!P „P1S 
iHv-sVaNi iDf*i 


1 ? 

1 

3 



l3«.» 


NODE • 


*PH« *00, f tEouEKCV- *3.00 HE 1*6*01 *1, *?.S* Hi I *6*0£ 3 • . 0AAP|*C» 0*3? t 


(ECOIO *0* 21* 

HOI . Ull) 6 > 


SC* 


8 

10 


ARP . 
0.09S 

o.ou 
0*062 
6*0(i« 


l:ih 

9.40 


>oW 

110.0 
1 * 0,0 
199.1 
*0 .6 

p:*’ 

i?:i 

i« 8:8 

-73.* 


«(CO*0 NO, 213 

nut 2 l». o «| 


SC* 


I 

i! 

3 

13 

16 

* 

12 


_»nS 
IOECI 

1 * 0.0 

i.8:8 

,s:? 

if?:! 

8:8 

0*0 

9.732 -103.5 


AN* 

tRU-ST**) 
0 IP? 

m 
km 
8 :«? 
wa 

0*992 




i» 8 o 


21 * 

• I 


SCt 


I PU 


o.o?* 



* ECONO HO, 21* 
no* ? ift 6 It 


Sc* 


* 

to 


EHtfS’lNI 




MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 600 RPM 


H 00 (* If, II M tOOt 11 . 71 Ml ItkIDI III il.l* Ml IILIDE if QmilNC* 0.14 t 


IECOIO no. Ill 
KJX 1 II 1.0 *1 


SCI AM IMS 

IRU-STINI | 0 (C| 


ROD** If, »»»• COO. 

ify 

lt * cnu-trSio tof c) 

1 i:83S J:8 

i 1 8:8 


NF l l *.»41 


sssr.Ks iv vs 


{Cl Ilf |N{ 

inu-stini ioici 
t i.ooo o.o 

ll I 88:8 

l j l :»88 -up 

l ! 8:888 8:8 

,i fill ! 4 s 

l H«?ll 1 * 1. 1 


III IMS 
IHU-S*IM» IOICI 


IECOIO NO* flO 
KVA S <110 1 » 


“• «no-s*?:«* *ot* H t 

: 8:883 8:8 

i bit •?:> 


0.000 0.0 
so.004 -m.i 


1.010 > 111.0 


ItEOUINC T. 4 l. 1 T Ml l»L»OI 1*1 4 *, 0 * Hi l»L» 0 | 11 , 0 «H|In<« 0,11 X 


: ss o ; o . g ?& iv 

* " ?MS 

mv-ium cocci 


MC08D.N0* 
AU « I < tn.o • 


' iw-sTim cO | 2 ] 

• O.CgO 0,0 

i8:8l? -,8:? 

i:<83 -xi 

0* 1*0 -l»».l 


l*.OIl - 170.1 


O 00 f. IF. 


MCO*D I *, ll 4 
NUl l 1 1 10 1 1 


IIEOUCNCr.lOl. Ol Ml IH.ADE * 1 . 101.14 Ml C*L*Of 11 . 0 »N*I*t» 0.14 X 


IECOIO N 3 . Ill 

NU« 1 <0.0 

SCI*”* "ill . IN 
INU-STIO) < 0 (C 


IECOIO NO. 
MUX 1 I Clb 

• mi 

i«vrstiN» 


VA w SSSi IV 


IMS SCI INI IMS 
Dttl IFW-STINI (O'C) 


3 ?:f| i l *l:3 

,0 r.B8 J : 8 

»0 


i Uotn ii*? 


KMt |)Q, ME 6 VCNCV* 2^,50 H 2 ULA&! ft)* tSH Ml flUM ftlt ®*W|ND* 0 *T 0 X 


lECOtO *0. 

"J* 1 1*19 §> 

f "* £*? 

IAW - 5 T*#I ( DC Cl 

1 0 , 0 J 9 -lift#* 

} 0.0?4 -1)9,6 


MCO*D K 3 . 
ftg» i 
• An* 


ftECQfiO " 0 . 
* u * * UU 

CW-ST RM) 


i 6:888 

: 8 : 8|8 
ft DoOOfi 


&1 D ,fa l? c 

tS * EN(^S?|N» test! 


ioos« it* 


MEO.InCt* 44.11 Ml (HIDE 01 . 44 , 4 } 


IECOIO NO. 

no I 1 IILD 


inu->stini ioeci 


IECOIO NO, 111 
„Nui < iilo ci 

•""* INI* f N 
INu-STINI IJU 


IlCoiO NO, 

MUX 1 IILO 


Hi CILAOE 111 9 ANIINC— «.H X 

IV S 58 T « Sg 6 IV 

Tots ? “* . N -- s ?.\. 7 0 m 

“8:8 : 8:888 , 2:8 

8:8 i il’Ml 188:8 


ft iO.ftdf 1*9.0 

• aLho Uj.o 

— 6.000 9.0 

“ 8:1 

i i 8 : S 8 ? - i*vJ 

« 0.01* IIT.4 


. J".V . V •• 
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TABLE 10 


MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 800 RPM 


xogt* jf, mm. too, f*fou(Kcr. u . jo * l i.laoe «>> i*.** mi iuaoe »>« o»»mnc. 0.21 i 


UCO*0 no. 1 5* 

MU X | (.LO 

SCI AME IMS 

IMU-St.Nl I 0‘ Cl 


8:8 

0.0 

A 0.0 

z\U:i 

i.8:8 

• 7*1 


i 

l 

l 

l 

it 

NE 1 


w?? 
8 : 8 > 
b:isi 

e :8 i 

8 .410 
. 10 . 

04.(4. 


56S°!°.S°6 i? fc 


•((0.0, NO. 
MU* J I»LO 


AECOAO NO 
MU* 1 I 


iiT 

("U-s8«'<l 

~"Ki 

IOECI 

sc." 

knr . 
IIW-SIftN) 

(Otci 

SCI 

*9? 

Ul'TSTtNI 

(OIC? 


// 

ll 

1.000 

0.000 

0.000 

0.0 

0.0 

o.o 

1 

1.000 

0.000 

5.ooo 

8:8 

8:8 

’8:1 

8:8 

8:8 

4 

O.OBO 0.0 

v.m -a?:? 


i 

j 

1 4 
4 

tf 

o.cco 

8:888 

0.020 

-*?:8 

0.0 

110.0 

J 

0.000 

Sl$oo 

o.coo 

0.000 

0.411 

0.000 

• 

9 

10 

i :88i 

8:H? 

8:8 

1.8:8 

1 

9 

12 

0.000 

8:838 

0.0 

0.0 

0.0 

9 

I 

8:888 

1.000 

8:8 

0*0 


1 

1 

2 2.* 42 

11*. *> 

1 

20.4*4 

-41.4 

s 

25.404 

17.7 


/ 


M00(« II. »!«• (00. 

SCI ••• „EhS 
(Mu-Jt«N» (D|Cj 

‘ if M 

t:h 8 -!!?:? 


i 

i 

) 

J 

i * i 


0 * 0<1 
a. in 


EA1QUEMCT- 44.40 H? (IkAOl • I • 

gfCO.O M3. 21* 

"u* : (.lo .1 

... 


l! 

ii 


9 

12 


loici 

0.0 

uo.5 

41.4 

0.0 

“ 8:8 

> 1:1 


140.1 


»?:? 

-10.7 


•(CO.D NO 

mu* » r 


So-l. M2 l*l*Oi Sl< 0*»*1»C- 0.24 I 

m*5°5 # i!l 4 l? # 


SC* 


* MM 

IMU— SlftN? 


1 17.421 


1 

" IMS 
I0CC1 

0.0 

8:8 

1 . 8:8 

8:8 

8:8 

0.0 

4.1 


SCi AM. 
(MU-SI AN. 


« 

10 


o&o 

Mil 

8:888 

8 :i 2 ? 

8:888 

4.20* 


..Eft 

8:8 

l i ;8 

».w 

8:8 
41. t 


MOOE- 1». MM. 


M CO.D 40 
MU* I (.LO 


(((0UENCT.104.10 m2 UlAOI *1. 
244 


«(C0*0 NO. 24 
MUX 2 (>.» i> 


10(.*4 M2 (fti.OC 

iV 


|(CU*0 NO. 
*u* 1 ULO 


>< 04MM1NC. 0.4* I 

• IC0»0 NO. 24} 

NU* . I.L J II 


4* 



j m 

i i?:? }i 
> i:* i 
i:li 
8 : 8 ?? 
(. 00 ) 


(of ci 
io?:? 

-?s: 

i k\ 

ik: 

io ?:8 

o.o 


M0»(. IE. 2?M. *00. 

•*C0*0 }0. 24} 

MU* 1 II Lu t| 

SCI ” *ME „2mS 
(Mu-SUN) |0 { e, 


1 

* 

J 

1 

.J 


If 


\:Ul 

0.000 

b:A 

8 ;isa 

0 

•7.222 


nOoi« | 7, 


*JC 


4. 


• 00 . 
*49 


S«l 


i I 


l 

l 

9 

10 


I nu-ttE 


.704 

.003 

.}»! 

0.401 
• 111 
. 2*1 
. 2*1 
.424 
.003 
.033 


MEOuEKCV" 24.71 M2 I .LAOS . I * 


1 . 0.0 

8:8 

8:8 

o.o 

8:8 

. 0.0 

1 * 0.0 

-u*.«> 


sc. 


!! 


9 

12 


Rtc0«0 *2. 24? 
*u* 2 m o s^_ 

|MU.$T*4l lOtcf 

“ 8:8 
1 * 0.0 
0.0 


(tco«o no. 

Mu* 1 (ELQ 
SC* * *M7 

IMU-WKNl 


24.7* H2 IU*0( 

n* 


1 .027 

, 0?4 
• 0 }« 
.000 
.cco 
.Oil 

':888 


.000 
.000 

4 4.7*7 


». 8 :S 

g ;0 


Ii 


0 

-101 




000 

000 

000 

• ooo 

• coo 
.000 

0*090 


J tl.720 -M.fc 


0.74 X 
MCO&O *0. 24« 

_wy * » i oi 6 si 

50f* lif 

ioUi 
8:8 

s.b:s 
“ 8;8 
8:8 
• 1.4 


i £ 5*5 


io 

I 

4 


8:888 

74.*?. 


ME 4 «|.047 


f MS 
Ml ICICI 

8:8 

leo.o 

Ito.o 

-lli.O 

-iio. o 

|0 

,0 

*4.2 


EAEOUEMCT- 44. SO M2 IALAOI 41. 

AtCOlO NO. 2*0 
MU* 2 C.iO .1 


4*. 4* 


i 


o 

12 


kA9 

0.07% 

0 . 0*1 

0.009 


188 


8 :iS! 

8:888 
O.ooo 
1.000 
0 * 40*7 


PH 1 
(020 

*?•* 
» 0 
.0 
•1% 1* 4 

-•1.9 

8:8 

O.o 

o.o 

0.0 


sot 


tecoto NO* 

Inu-STANI 

8 : 8 * 0 ? 

8:888 

i:iu 


M2 I.LaOI }l, *l*|l«(. 0.71 X 

• 7C0MO |0. 241 
mu* i :»t» »l 


»4l 

_A1 

7MS 

10(C) 


* 17.474 101.1 


030 

! 4:888 

4 24.104 


8:8 

“8:3 

8:8 

8:3 

- 124.4 


SC. ME EmS 
IME-SrtN. |D|C| 


1 * 

1 

0 



h 

t } 

V ' 


/ 



TABLE 11 


MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 1000 RPM 


NODE* IF. M 1080* FREQUENCY* !*• 4* HI I ,l»D( SI. 19.49 H| UlaOE 41. Olft’lNC* 0.10 t 


WVillb IV 

REC 0 A 0 ,N 3 . 
HUI 1 ISlO 

IV . 

1 Hu— S^A N 1 

*HS 

<0(0 

SO* 

, AR* 

(RU-ST*** 

1 Tel 
1 - 

I'SoA 

0.0 
Q • Q 

,1 

8:888 

8:8 

8:048 

6.009 

8:8 

! 

8:8£o 

O.OOO 

O.60O 

“8:8 

lo^t 

l:h\ 

6 . 19 ft 

0.001 

180.0 

-m 

0.0 

0.0 

ISO.O 

ij 

8:8 

8:888 

8:3i* 

8:8 

* 

12 

■‘8:8 

41.021 

114.1 

1 

*1.01 

■ 144 . S 


RECORD NO. 24* 

HU X 4 t ft L 0 »| 

ci *arf "rji 

(HU-STAN) I Of C | 

i 1 . 00 ') o.a 

: 8:8X8 8:3 

; 8:? u8:3 

: 8 : 8|8 8:8 

* 8:& 8:3 

. 0.080 DO 

i 4s.no is*. 4 


m°iSe& i?* 

* I RU-tr?* ) I0E6I 


1 1?.A*7 


HOOf* IF. RFH* lOoO, 

55S T.SSft i? 7 


AR» . , FMS 
I HU— ST 4 N ? (DEC) 


8:8 

188:8 

«:? 
77. a 
o.o 
0.0 
•1,0.3 


FREQUENCY* 44. *1 HI tSLftOt ,1. 44.0* Hi ISLAOS 41. 0ARFlNC.-0.01 * 

_ <»* tiwajiL ggj*s o .tt> *” 

* 6 * EHtrililYi loiol IRU*SYANI lO^cl St * EHO’S^RNl loSil 


IMF FHS 

IRIT41ANI IOEOI 

l.OuO 0.0 

8:«: ‘*8:8 

8 :sU . 118 :? 

8:8;? li 8:8 

8:8|i 8:8 

o.oil >i*o 

27.0,4 I0.< 


g 6 S°S °«g g 6 

Soft . I5 f ””»«> 
ihu-juni ioecI 


o.ooo 

0.**? 

0.000 

10*9*4 



RECORD NO. 
RUK 1 IILU_ 

40« " ARF 

1HU-4TRNI 


FR(OuEn0y* 117. »l HI I SLIDE S». 117.47 HI ISLADE 4*. DAHF INC* ®.*7 I 

S 5 |° 5 °«s? 6 1? 1 MS 3 !«?U!L 

n; «Hu 4 ii,rioi H oi «ofi! “ r «Hu-i«Hr«o?s» 

1 1*0 C B 0.0 l 1.000 0.0 - 0.000 0.0 


ii o.e*> no.o 

\l 8 :r? 4 ?:« 

A 8:i i ,1:8 

u - V.hh 4i 8:8 

i 3 KVA -ilM 

1 14*144 14,*2 


RECORD, NO. 1*2 
RUI »_1 NlO 4 I___ 

KO ARF* . FHS 

iRU-STANl I0IC» 


1 24.7,7 .146.0 


is m 4 
i fill i :8 

1 22.14, -144.* 


HOof* lE. RF"* 1CC0. 

SECORO NO. 

HU H 1 I S LJ St 

let” A»F f«S 

IRU-STRM (Otct 


FREQUENCE. 24.0* HI ISLADE S>» 

*fCO*D NO. 2*7 RE 

RUX I ISLO SI _NU 

soft ” A{F F H 4 Jc» , 

|Ru-4 * A* I IOECI I 

1 O.Wi 0.0 1 

11 O.CLJ 0.0 

I) 0. 031 1 SO.O 

l, 5. *50 0.0 - 

4 1.000 O.o 4 

14 o.ooo o.o 

5*SS? 8*2 


4 *4.0j4 .,7,, 


RECORD WO. 
RUX 3 »0L0 

I At.F . 

INU-4TRNI 


HI IBLA0E 41, OaHFInO* o.s* X 

2,9 RECORD HO, ?** 

1 1 _ _ RUX l I FLO *1 

~FHS 4Cf ANF FHS 

I DEC* ir.irSTRNI IOECI 


Rode* it, rFh. 1000. 

record NO. ITO 
HU » 1 l» L» SI 

4CF *R»* Ft’S 

<H|>-tTRN| IOcCI 

i o,o« T iso.o 


FREQUENCY* ,7.43 Hi ISLADE »!• 

ltCOtO NO. 271 AE 

"U« 2 ISlO Sl_ _ HU 

iti sc* . 


40. 4* HI (SLAOE 41, 0*HFJHS- 0.94 5 


IHU-!*EnI icecI 


11 8:??8 

\l 

n |:iU 

12 1:88? 


RECORO NO. 
Hut 4 iSLD 


1HU-4TRHI IOECI 


gv«gt iV 

T mr i»»t Tl “ MS 
UHI 


m 

8:8 

*Kl 

-io?:9 

-l«0 


■ *-* *w* •/ O ■.* 


- V '.‘.V V V 



TABLE 12 HODAL PARAMETERS FOR CONFIGURATION 1(b) AT 680 RPM 


"ODE* If. «’fl* 630* 

AICqAO «0. 117 
IW< 1 I RLO Rl 

SCO " AN?' f h3 

l«IWUH| fOECI 


EtEOUENCT* 11.32 HI (RLADI •». 

RECORD NO. Ill M 

NO* 2 I BLO *1 NO 


»T«Nl IOEGI 


>1.3% *1 HL*OE 31. 0>NN JN£* 0.12 t 

RECORD NO r 111 RECORD NO. |19 

NOE W U R 1 IRLO it 

ANN NMS SCf " ANf NM> 

INU-S7AN6 tOIGI 


ANf NHS 

I NV-ST An S CO*G» 


e.xoi 

♦ 3.621 


REC°»0 "0. 170 
"0* 1 IRLO l) 

|C " iNO-trEm iofc? 


MfOOENCT- *1.»6 HI IRLAOE II. 

RECOAO NO. Ill RE 

NUX 2 I6l0 n _ _NU 

SC« AN? ” IMS JC»’ 


11.11 *2 (RLaOe 31. »A"riHC* 0.11 X 


AN? NHS 

ENU-STINI IOEGI 

1.000 0.0 

0.109 110.0 

0,033 •121.1 
0.3*9 leo.o 

0.197 -6«. 7 

0.326 110.0 

0.011 160.0 

0.000 0.0 

0.676 160.0 

1.271 160.0 


RECORD NO. 122 
NUX 1 IRLO II 


106 . ANN NMS 

• nu-stcni: toEci 

> 1*B?9 fl’ft 


8:8 8 

8 .000 
.000 

8:818 

29.711 


SSSlMfo IV 

* S * IIHfS?INl |0j2| 


1 . 0*0 

12.991 


NODE* IF. ANN* 660> 

RECORD NO. 121 
" 0 * 1 16 L D R > 

I*. ANN ” " NHS 

INU-S7ANI t DEC t 


FAEOUENCr-101. 0» HI <Si*Df II. 101. IV H2 IILAOE 31. OANNING* 0.19 I 

RFC 060 NO* Nil RECORD NO. 123 RECARO "0. 123 

_NUX_?_16L0 61 NUX 1 l»LP 61 "U» 3 IRLO 31 

set"." "an»” * "Hi set* *»nn ?ms je» a"n nns 


. ANN NMS 

inu-stani IDECI 

1 . 8:8 

8 :hU 8:8 

8:?i? * l 8:8 
8:iS3 "8:8 
8:m i«:J 

27*6)7 *1)8*1 


SSS 0 5°,ggft K> 

i" **Nf -NmS 

inu-stini i D ec i 


NOSE. IE. ANN* 660. 

RECORD, NO. 126 
NUX 1 l|LO a° 


FREouENCT* 21. 5* Hi IRLAOE II. 21.iv Hi IILAOE S>, DARNING* 0<6* X 


RECOEO NO, 127 
NUX 2 <6.0 6 I 


jECOaO Np. 
NUX 1 I6L0 


as°s # «C6 ??• 


SCI 

, 6 

• dec? 

SCf 

0«l> 

mu-SUM) 

|0e2| 

jCf 

1 nu-trf w 

fHS 

rue) 

*c« 

IHO-STMt 

8MS 

IDtof 


0.019 

19.6 

1 

0.0J6 
8:8 ? 
f:8S8 

8:8 h 

uo.o 

1 

0.011 

0.000 

0.000 

160.0 

• 

9«ooo 

0.0 

s 

0.011 

l:Ui 

1.009 

0.62) 

o.*B9 

i! 

3 

13 

16 

i.8;8 


o.c- 

0.0 

5 

0.000 

1.000 

0.0 

O.o 

6 

5 

8 

0.0 

8:8 

8:8 

8:8 

"8!8 

i 

o.ooo 

1.000 

0.000 

0.000 

0.9 

8:8 

0.0 

t.o 

8:8 

8 

9 

10 

0.161 

|:ho 

hlh 

0.000 

8:8 

i.l:I 

? 

0.1S3 

O.CU 

9 

8:853 

0.022 

1,8:8 

169*0 

9 

0.000 

0.000 

“ 

o.o 

0." 

10 

0.091 

12 


0.000 

1 

0.013 

180.x 

H* J 

66.092 

56.7 

5 

63.161 

91.6 

5 

61*229 

*6.9 

5 

6T.206 

211 . 

nOuE* 

It, RN«* 

680 « 

FREoUehcN. 16.11 

H2 IRLAOE ft 1 

. 13.3, 

Hr IRLtOE 

31, 

Panning* 

0.31 


ftE CO.O MO. 112 
NUX 1 (aLO 6) 

SCf ANf nHs 

INU-STINI IDE&I 


* EC 0*0 NO. 131 
NUX 2 I»lD 61 


- 11.6 
160.0 
10.2 
0.0 
-132.6 
0.0 
- 21 . ♦ 


•ECOAO.NO. 
NUX 1 I6LU 


NU( 2 I6lD 61 NUX 1 I ALU 

Hi AfiN nhS SGI* *ANN 

I"u-$taM| I0EGI Imi-STRNl 


RECORD NO, 111 
NUX 3 |Rl6 »> 

SCf ” **A 1 N NMS 

INITS.RNI (DEC! 

- O.OBO 0,0 

; m 18:8 


1 

9 



TABLE 13 


MODAL PARAMETERS FOR CONFIGURATION 1(b) AT 1000 RPH 











fASAMETERS FOR CONFIGURATION 2 AT 0 RPN 


•'ooi* t*M* ev, , ottiMRuwcr* i*io h i <.l*oi •» « 


• tec*o hO . ((• 

M* 1 I6LO 61 

**' (* u - J ?* N | tots! 

! 1.003 0.0 

0 . 72 > 0.0 

O.iol 0.0 


* T > 01 » ». H 7 M - 0 , 

fts°; p .:E & tv 

* 6 * tM-IxSoi io?2? 


o.ts* 

*o«i*7 


MCOkO.NO. »M 
MU* 1 IklD *5 

m *m* . . **} 
6MU-SHM> <OEC> 


FMOUtNC** Jl.iO HI I 

MCOSO M3 * 1»1 
muh I t » .0 il 

?6* *«»””” OHS 

• Nu-smt iomT 


- l *S:8 


M2. 6 
.0.0 
».b 
- 1 ) 1 .) 


»,)» HI e»L*0* Hi OlHMMt. O.TO X 

'.R» tt° R55°5°*58a IT 0 


i 

8 


6IC06D NO. Ho 

MOM ) < 11.0 »l 



(Mu* SIMM! (OtC 


)).M) Hi (I 
- 0« SO 


o.eoo o . 

mi ' i x 

8:S|8 8: 

8:88 % 



* 001 - )*. DM 0 < 

So * *.*' *KS 

I MO— S' * H 1 (Old 

1 1.083 0.0 


F6I0UIMCV* 00. »* HI < 
iMU-SUl* loJtl 


i . to .)) hi i 

MCOJO HO. 106 
MOM ) (too tl 


• *M* *«S 

(KO-S76M) (Did 


(HO-Mmi 1010? 


-“13 

0.0 

-'■ 1.7 

l ii 

8:8 


X * l 1 , 0)1 - 1 ) 1.0 


0, rtlculKCV* 11 . 0 ) Hi <tl*Ot 01 , 11.01 Ml I to 40* Hi 06 KMM 1 - 0 «H * 


occomomo. 
not l Ulo 


1 MO-SI 1 H I IOEO! 

0.003 0.0 

8.003 6.0 

6.003 0.0 

6.033 0.6 

dll 8:8 

hill 8:8 

h?S i.8:8 

IS . 601 — 6 . 6 


MOOl- II, **M* 

•ICOO NO, 60S 
I^l 1 lILO »l 


StCOMO MO, 
« o « 1 < r „& 


SC* 

»** 

(MO-SIMNI 

*M S 
tOiSi 

X 

0.0 JO 

8:sn 

0.0 

i! 

9 

i.8:8 

8:888 
8:8 8 

8:8 

is 

It 

8:8 

9 

8:fS? 

0(0)8 

8:8 

12 

O.o 

9 

u.m 

16.) 


W.SBj IV 


totct 


X a \\th iv 


(Dr 6 1 


, ct J 

to o.ea* it; 


.6 1 16.111 16 .) 1 IfHi -*!.* 1 11.611 01.1 

0, MEOuEkCY- )». 6* HI <61401 61 , 17.60 HI (60*01 >)» B*MMM«- 0.)6 X 


*** FMi 

<mu-s?*m (Dici 


*6(0*0 M3, 606 
HU* 2 (6C D 61 

i Jh* f”5 

mu-mo io « 6 i 


«l«0*0 HO, 607 
mO * 3 (ttO 61 


* K $ 

I (Did 


k( (030 SO. 607 
MO* ) 1 61.0 *1 


*** "(t-SK'l ( B {S? 

: 8:888 8:8 
8 |:| I :?$:* 










TABLE 16 


NODAL PARAMETERS FOR CONFIGURATION 2 AT 1000 RPH 


«0u(> i», «»., looo, uroutNcr, it.s? „t i«laoi ti, ift.ij hj iiiaOi u, o*rMr*» o.oft t 


HCOt# tp, kOft 
Rgt 1 ifttO ft) 


set 


Aft; *HS 
iru-iiEni t ot c t 



o.M 
O.ftlft 0,0 
e.ii* uc.o 


*0*0»» 


>t.( 


*tco*o no. too 
r«i i it.o I» 


set 

ii 

IS 

1ft 

ft 

w 


ftitutONO* ftio 

RUt 5 'tlOtl 


HCOftO NO, *10 
Rut ) |(iO 5 1 


ahp 

IAU-1TRU 

mhs 

tO(w» 

SO* 

AAA 

• iW-itM 1 

MS 
l 0108 

set 

AHM 

IMu* SI AM 1 


l.ooo 

ll 

0*009 

O.CCO 

0.0 

1*8:8 

-s8:8 

8:8 

i 

s 

8:888 

8:888 
O.MI 
0*000 
o.oOo 
0*000 
5. 6l • 
0*000 

8:8 

8:8 

8:8 

8:8 

• 

s 

• 

li 

O.OflO 

r.i!i 

mi 

Mil 

8:828 

1.000 

8:8 

»o8:8 

!:ri! 

8:8 

0.0 


I 

8:8 

0*0 

Ift.OU 

-ftft.t 

i 

IS. 70S 

-1*1.1 

1 

ft.lftft 

IM 


DOt* t* < W* 1000, 

Jc * l*U-S^» N » ioic» 

1 


6 
5 

! 

« 

10 

ftt l 


s.4i 

O.Sftl 

ft.tn 

MV 


hill B8: 

C.ftlft 0. 


C.SSft 

S.SftJ 


tftt OUINC V* »«. >2 k.~'<Il>DI *1, 


0.0 

\th 

*SS:8 
• 0.0 
0 
0 

_ .0 

11 .) 

- 100 . s 


i'lilo «!* 


sc* 



SS.OS HI (lk.AD< SI, OAR*!..* Q.tl t 

lliVAh IV 


set 

l 


imrttMi « of c* 


1,000 

0.0*0 


ll ft. T 


$:s« 

Mil 

o.oOo 

ft.ISS 


C.o 

W 


0<0 

•itt.t 


sc* 


IRU- 


*8 

«k 

1 

I 



8 lit 

Ml 

MU *M 


ftOOt* St, t»R* toCo, fMOutftO **US. •} *1 |»|.adI *1, US. IS HI IILAOt SI, OARRIRC* C.SO t 


tfCOIJ NO. klfc 
Not 1 ItLO *1 


set 


AR» 


RMS 


IRU-SUNI ICtOI 


* 

S 

! 

f 

ft 

10 


ftf 


1.000 

0°:pJ 

l.Ms 

oNJI 

l.SM 

O.OSk 

Ssf ll 

s,**o 


0.0 

t58:8 

-A'A 

rs.ft 

Sft.t 

111;? 

T.ft 


rcoio no. MS 

ut < 16.0 « I 


* 

RUt 


SC* Ah* fHS 
IRU-SUftl loUI 


{ m u8: 

0 o.Oht -Ik, 


li 


Mil * i:i 
8:?lt 

vmi n ‘8:8 

8:8.4 »«8:8 


S.ftll 


so.s 


t[Co*0 oO, ftlft 

nut s i»lo *l 


**" iRl-sfcM |t>sBl 


0. 


»*$ 

J.OlS -Irt.t 


WV.Kl 


sc* 





Root- | S , *»R. 

RtCOtO *0. 
nut i HU 


Nf 


SCa 

i 

i 

s 

ft 

0 

• 

ij 
s 


1000 . 
tv_ 

« of ct 

0.0 

8 .0 
.0 
o.o 
0.0 
0.0 

.8:8 

»8W 

SS.lftO -lift.? 
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TABLE 17 


HODAL PARAMETERS FOR CONFIGURATION 3 (a) AT 0 RPM 


*oat« it * ***• «» 

• |CU*I) >o. TO* 

mi i mo »i 


u * ipcci 


MlOUtNCY. T«l* Mt I ll. *01 ■» 

*1(0*0 Nl. 71 * 
xu * / ••- Of *.. 

n*". * »• 



*IC0«0 
Xu I » 


* XT 

(XU'TUNI 

- l -?8S 


*1 ItLfQt 1 I 

.tfsjr 


696 

m 

- pflo 


$:*§« 
- o.ooo 

• IT. 0*1 


THT 

totot 

O.S 

8:8 

iXi 

8:8 

8:8 

0*1 

IT. I 


TO* 


1XIT- 


OfXffO* O.TT X 

n ? 


ftfCOtO no. 
hub ) m6 


rti 


Hi 


10 


i m 

- 8 ; 8|3 

8:o 

-•oOq 




8: 

-*t.l 


8 


ul*0i *t. ii.oi ni uttot it. 

sis a ! 3 .:?j it c 


0»"T1NC o.*i X 

ii° 


K(Co*o NO, 
hux i mo 


TO* 


1 * 0.0 

•117.0 


i xu-t t*xi 

i°j 

% 

t 

: 8 | 8 o 8 8 

! m 

l w.‘>* 


*of« 

e :3 

8:3 

‘• 6:3 

8:3 

s :3 

■l*T>7 


T(f 


ftQOf * 17 * ••«■ 0 . 

«ttO*0 NO. Til 

mi* i mo «> 


TIEOuEnC t* *0, *• HI (»t*0« •* 

ft C 0*0 NO. *11 
NCI 7 (1.0 •* 


TO* 


*«» 

(Xu-TUNI 


THT 

lOICI 


TC* »■* tnT 

(NU-TTtxt (DEC * 


«0.*7 Ml 1*111)1 II. 

l&WKt IV 

XX, 



TC* 

IM-IUN) 


0* NT INC* l.l* X 

«&S°S 0 *S ?5 IP 

u, "Ti^i?Cr.ai8i 


i m -a »i 


» 

f 

8 

to 


1,000 
. 01 * 
,ir.» 

m 

o,ce* 

~,eoa 


0.0 

0,0 

U,0 

0,0 

ltt.% 

0,0 


*,m wo, I 


IS 

;i 

ti 


h:m 
8:i ? 

p.o*s 

*•*}* 

8:413 

Vh 

*.T*» 


* 8:3 

»*8;8 

W B:8 

iJW 

-40* C 



5 8:W 

. 0,000 

l *.7*1 


7 *.* 


1 

. 

to 



ttt.* 


XObl* It, XT Nn 0. 

iv 


ffc(eut«CV« I*.?* Hi ULAOt •»* 41. TO HI UlAOC DAMIftC* 0-*t«> X 


S(t 


8:8*8 

ill 

.077 


m 


Ht 


. &:&* 
i 8:i}i 

T 107. HOT 


8:8 

8:8 

8:8 

8:8 

u*:8 

17.1 

0, 


1 

u 

5 


biCovo » 3 , ns 

«j* i (**» n 

u-ut*> XX, 

0 .( 7 * 

i:ty 

A*. 


*1(0.0 NO. 71. 

"u* i mo 


|ii 


f:S|| 

8 -Xi 

8:383 

0.000 


.0.0 

1 * 0.0 

1*0.0 

0.0 

. 0.0 

1 8:8 

8:8 

0.0 

-ib.s 


-ft 

©•on 

o.oco 

0.000 


HI 10(0 




0.0 
• 0 

J.o 

P» 9 
D *9 


0.000 
I 4 : 8 p 

• i. 5 &o 

• p.OJO 

« p.iU ... 

- 0.000 C.l 

T 10*.*0. -IT*. ft 


etcoao no. 71 . 

XU* 1 _ 

TC*” »XT THT 
tXO-TTXNI (OtCt 

0.0 


8:8 


1.0.0 

IT,* 



XoOt« ll, *fX' 

.7(0*0 JO, 71. 
XU* l (*iU .1 

TO. ” TmT 

( Xu— T T* N ( (PtCl 


T*t°u£<T« **.!« H7 1*1*01 •»* 

XECO.O N). Tl» 

*ui 7 mb .1 


s«* 


(xu- 


tw 


Ml (0(6 


“t 


nv 


To* I* H 7 ttLXOt • I, 0 *xT|NC* 
itcoeo no, 

XU* 1 l|CO 


. ICO*D NO, 720 
Xu 1 1 (*LD TI 

*NT THT 

IXO-T1XNI (OtCI 


1 

i 

O.Ool 

B: 8 ii 

B.JSi 

t:8! 

i:4!» 

0*0*3 

,3.0 

i&5 

i! 

it 

>.001 

!:8i| 

)ft>%0 

,ooo 

0.0 

»?:? 

1 

• 

1:888 

i.ooo 

l:1\l 

>,ooo 

),ooo 

C.l 

8:8 

\ 

) 

1*8:8 
1 *8;b 

0,0 

110,0 

0.0 

0.0 

T 

: 

i*8:8 

8:8 

1 

8:8 

5 

8:8 

; 

t :888 

B:i 

lo 

0*0 

w 

,COM 

0*0 

• 

3.000 

6.5 


b,Wl 

• 1^,1 

* **1®* 

-**.s 


s.m 

if. » 


,M ‘XO-tP 

8:888 

ft® 

h 
8 


XXI .0 


K? 


* 

10 


O.lftO 


uO.fi 

8:8 

8:8 

8:8 

ITO.T 





/ 


I 



TABLE 18 


MODAL PARAMETERS FOR CONFIGURATION 3(») AT 1000 RPH 
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TABLE 19 


MODAL PARAMETERS POR CONFIGURATION 3 (b) AT 0 RPM 
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TABLE 20 MODAL PARAMETERS FOR CONFIGURATION 3(b) AT 1000 RPM 
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fiOo C 0 


Moot * it. nxM* loco. («(ou|m;x, ,>*.?» m! ioi-xdi ii. 


1UU«9,*0- 7*1 

_ fji _ i ^< x io » i _ 

SCI . 1*1 . XMS 

• mu - sun 1 tetci 




tlCg*0 

HUB l | B.C 

f *M 


»• ni Ul*Ot )>i OiftPlNG- 0»»1 X 

B *£0*D *!*, 7*7 ttCttO *0. 70 

a* ) i»t> e» *u« l «6 lO si 


AM 

I ftp- *T ft* I 


•to© 

.©Jo 


«* 00 |* IT * 1000 * 

it C 0»0 « 0 . 1*9 
mi « l i I lu • > 

set *MX X - iS 

( MU-StXMl ( 0 | C , 

1 0.1 |* -ll» 1 

S 8 Xi Xi 

i wji ij?:s 

« ‘*s-a 


flfUuINCT* 13.77 Ml IILICI II. 10-11 Ml 011X01 »!• 


xlcoxo «3. 
nu< i io- 6 


*ieu*o mo. 

KOx 1 ltl.3 

Ux 4MX 

IMu-ltIMI 


OXMMMC’-O.ll 1 
:eio no. >3* 


’ io«j? 


WTtT- mVj>v VWVm 1 ^ 


J 7 1 



TABLE 21 


HODAL PARAMETERS FOR CONFIGURATION 4 ( a ) AT 0 RPM 


DATA NOT AVAILABLE 


*000* *», IMi t __ 

MCOtO . DO * * 
«£10 £' 

tC * »»l . . fHl 

'MWlttHl (Otcl 

1 


)MI Hi l«UH 
tu > 0*0 93 . 

HU> i llj *1 

SCI M> JjS 

|Hu-St«Hl «S|C| 










? 

8 

* 

to 


t.;«i 
0.1*1 
?.*«» 
0,*.» 
5.1*2 
6. Sol 
5. os. 

$! 

**8:8 

8:3 

i*8:8 

ii 

S 

il 

t.oe» 

i:8?» 
8:J 3 
8:i « 

°.o 

8:8 

!i8:4 

* s 8:8 

III 

9 

12 

8:9fi 

o*iii 

8:8 

t*0*0 

toil 

ttk.t 

t 

9.10* 

*|0.S 


*ii°s 8 ,;e& tv 


» C « 



HI I Otcl 


ICO 


c.j 
o'. J 


*•)>!> *»M 


skv . eb t: 1 



tout* J», «l«* 0. 

■(Coco hc, i*» 

HU « t 1 * 1.6 *1 

Sti 


*0»«lu f WT. 90. *9 Hi ttc.Ol II. 1103 Hi 1*1*01 »l« W«l«* 1.0. 2 


i 

? 

8 

X 

io 

i 


, U !‘ 

|NU*STIM» 

i.0©9 

i.*»F 

$. lO « 

i:fn 


■ MS 
lOtCl 

®.0 

mn 

t . s:8 


le 


" 3:3 


8 : 1*4 

0*1 M 

t.m mo 


-t ?:? 
* l»'l 


«(£P.O HJ, |» 
KOI 1 11*0 *1 


t(l 


;! 

t ? 


»Hf 

l « g*SHil 

i.CCC 

M«l 

8:Atl 


lotci 


10 . t 


8 : 

t«»»s 


1*6 . 

t * o :§ 

S:E 

t*0.0 

-*».* 


* ICO »« 

HU« | 


»w NO * 
‘ ItkU 

Sci ' * r ^ 

t«0-ST*NI 


... 

*1 


■ HI 

< 0(CI 


6.606 

p 

m 

O.OOU 

t.m 


*.3 

* 3 


* S».J 

3 :! 

8:3 

c.o 

91 .* 


m 
•1 


9 

to 


to 


to 


III.* 


*0ot. It, 0. UtlW* 11.91 Hi C»i*3i •». Il.oo HI I.L.Ot »», 0 »(MbC- 0.9) I 


SCI 


MCStO « 0 , 
HU* 1 (010 

” ’ »"* 

I HU * 1 1 (HI 


) Wit 
i M\i 
l Ml 
t «: i|s 

iS 8 :«» 

Hi S (*.**» 


*♦? 

o*o 

0*0 

8:8 

0*0 

8:3 

5*0 

>( 8 :t 

* t «* 


tc < 

t 

\\ 

t * 

s 

IS 

Ik 

5 

II 

s 


■ «CO*D hO. 
Hut 3 11.9 

(■«-$?«" I 

c . co . 


C .) S - 
6 . US * 
6. COD 

J : p ? 

9.C0D 

O.OOD 


Ml 

*1 

'■^S 

Old 

0.0 
* 0 .* 
180.0 
• 0 


6 '.S 

0.0 

tt.I 


O’COKO HO. *S* 
III* » »0l3 O' 


f.i 


. t * 0 » 

UlO 

a*R 


■ M, 


IU8C 


MCC*0 W)c 6*t 
RUB 4 WlO 5 ) 


Uf 


imriTtm 




4 ] 

5 

1.060 0.0 

: 8 It 8:1 

).tlo 0*0 

• C$0 0*0 

- 0 
1 1 


m h 

18 8 

9 1 

- 

III 1:8 

: 8 

t 0 


- o.ce-o 

P? 

bi 

' l ?* 


» 09. Ck* 


MO 


0 

Tt.910 


• OiC 
0.0 
in 
8:8 
i . 8:8 

8:s 

O.e 

Ik*. I 


"00t« It. HI* 

MC0«9 hO » S0 
RUI l t.LO It 

ioitf 



MfOUtHlT* 19*01 HI I OL *01 *1. 

IV 

. of2t 


kl.kk HI |0t*0» *». §»«»I»C* 0.91 S 


ECCID H3. 
u 5 I 10.0 


SSI 


■HI . 
IHvSTtHl 


i! 

t! 


9 

it 


SCO 


ftfCOtO * 0 . 
nui 1 19^5 

IM 

t * rsT«*8 


tV 


I OK Cl 


tKttD 


( NU - tT8Hl 


0*00 

|:ill 

5*0}* 

*:|fi 

fill? 

0.9S» 

til:: 

m 

n.* 

1 

5 

ln|i 

8 .ip 

8 : 8*8 

0*000 

tc.0 

w 

iti 

8:3 

i 

• tS 

S:rn 

4 :d 

8'0 

P.0 

0.0 

o.o 

? 

8:3 

0*9 

i 

sis?? 

0.01k 

-ISO. 9 

♦ 

o.o. t 

-9*4 

f 

o.rst 



**'.*• ^ ‘ ,■ \ \ ‘ * . , s * t . *•••*..** *. *, ,• ‘ *• ' , *•*••** . ' . * 
& «•/ . -.'iLyj.vv. «*.z/- livl’ h- 1 *-.v. , /r.v’.'.'. /.v: i;,' 


/ 



TABLE 22 


MODAL PARAMETERS FOR CONFIGURATION 4(a) *iT 1000 RPM 


.Oot< 


set 

i 

l 

l 

l 

it 

** 1 


.i . «»«• *oee 

_i c 

"Ul l I « t-U 

i?*\. 


MC0UtftC*« 15.33 Hj UlaOI • >« I*.** 


9p, 555 

“ ■■ * - - 


I NIKS 

JlSij 

9. fl) 

8:4Tf 

8:& 

Jl«Oll 


iofci 

.0 

:§ 

-50,0 

-*5.5 

0*0 

-10.5 

110.0 

1*5 


SO* 


t 

!! 

15 


5 

l? 


•ico^n nj. t5 ? 

o • » 

i.occ 

8:li; 


l.OCO 

n 

o.oco 

0.* }fc 

O.coo 

0.099 

0.009 

o.**» 

0.0 17 


»nS 

lOfU 

0.0 
-l». 7 
116.6 
o.c 
ul.t 
0.0 
0.0 
0.0 
- 10,6 
o.c 


MCOtJ NO. 
nut 1 <01.0 


set 


( no 

4 

0 


tot , 

-SItNl 


1 l».l«6 -Oil.) 


.000 

.627 

.000 

.000 

.000 

. 6)6 

.000 


S.660 


HI IlltDt tit 

III 

« o»21 

8:8 
8:8 
• u 4:8 
8:8 

170.0 


0 4 otus— o.oi t 

Mb V'_ 
<ottl 


MCOtO 

HU« ) 


SC* *N* 

INU-STtNI 


s 

I 

il 


O.OnO 

' 6?8 
5M 


JJoO 

8:? i 

- nOa 


OoO 

l^OOO 

6.117 


0.0 


0*0 

1S0.0 


«>*• lUitC 


MCO*0 ( |Oj 


i«.t< ni ititoi St, otntiNc* o.»6 a 

MCOtO NO* * 6 » 
nut 1 (*L0 Si 



noof» 1 *» *nn« loco. *6iau(HC7*ii6.*i ni i*c*di •>. iis.oi h* tottot lit otnoinc* o>ol a 


*103*0 ,60- 
nu> 1 <6L0 


*t» 

tl 


SC* »w 

< nu-il«Ni 


6 

» 

t 

10 


61 


tot") 

8:8 

8:8 
110*0 
>5.5 

h:t 

tails 

0.1*1 -l 6*. 6 


4:8?? 

0.003 

1.61J 

8 :i$? 

8:1 f 

8:?l? 


set 

1 

IS 

\t 

u 


• CC O k O H3. 

*ui i fl.O 

Aft* 

«*W-Sf«5 • 


I. OoO 

8;K8 

4;jf} 

«:si 

8:i?i 

o.joa 


i 1 1 7 


661 

*1 

Toil) 

“ 1:1 

uc.o 


1 * 0.0 
UO.S 


w.:e> 


MCOtO 50. 45| 
NUB I (ClO II 



tool 


r c r 


lh «’"• lode* 

II CORD *»0. 5*5 
rue l <elO i« 


AFr* 
t*W»TIN) 


tHi 
I Ok 6 1 


0.0)1 110. C 


10 

4 


0.000 
0* ooo 

"is 1 . 

Siil! 

0.017 

101.66* 


u 


ito.o 

-lit.T 


toof* IT. t»A« 


Kl °\° ?0f 


leoo, 

ST* 


set 


< a l t> 

4*’ »HS 

inu-5; hi ioici 


6* 



rtioulnc*. 11. is hi l*i‘0l 61. 

MCOSO HJ. 6>7 

nut 1 16.0 0) 

SC* 


ii. J) Hi 161*01 Sit o*n*iH6» e.*7 

«5S°5 D .Kfi it* 


*»cu*e *si 

nut 1 1*1.0 8 1 


t! 

1! 

t 

w 


(aiKSIM l 

E:E!i 

Ul* 

4:8|8 

8;8S8 

8:428 

102.901 


Ml 

IOICI 

‘* 8:8 

“ 8:8 

8:8 

8:8 

8:E 

•176*0 


•n* *Hl 

I Hu-l TftHl |B|C» 
JO -111.* 

0 v.o 


* fc * inu-(|8nl lofct 


0.1 

8:466 

? . 090 
.000 

8:848 

8 :?|* 

0.000 

u*.*i» 



»*lsut«c». 16.6* HI 1 6L tOt *1, 16.66 M I 1*1601 61. »"M«I* l.lt * 


• ICOtO 63, *66 

nut I l».0_*^ 

ic* *nn n-l 
(HU-1T*6 I <Ofc C > 


il 

15 

i\ 

15 


t 

w 


0 . 02 ? 
0.000 

8:888 
'.*♦5 
0.129 
O.CCO 

c.oco 
1.000 
C.S39 

24.515 - 


*15. 

i*8; 


*o’J 


c.o 

1 * 6.1 


MCOIO NO. 
nut 1 t*LO 


*66 

Cl 


1C* *n2 

IHU-STt.l 

‘ 8:828 
: 8:828 
: 4:!J3 
: 8:828 
! 4:828 
* 16.161 


lotci 

8:8 

6:3 

6:? 

6:3 

8:» 

- 10.6 


tlCno no. 666 
nut 1 1 * 1.0 61 


6C* 


*nn 


*mS 


IOICI 


3 

* 

* 

10 

I 

* 



-i«.» 



TABLE 23 MODAL PARAMETERS FOR CONFIGURATION 4(b) AT 0 RPM 


l*. »»"• o 

t|CU*0 1®. *70 
BUI l 11(0 *> 

*** IOIC 

1 MSI I: 


FklUUtnCT* ». It Hi t»(A0t *|, ».J» "t (»l»D« tli OtK'lftt* 0.*l I 


BICOID 13. kit 

bui I l».0 • * _ 

« III tit 

mu-sn.i tote i 


ticotu HO, *»2 

BUt J lilt ll 

i ' »«i lit 

tBu*ir*m (OtSi 


i "*IM »H 

tBw-irim loic 

- 9»999 9. 


BOOIb Hi if« ' 

l OTi jfg \V m _ 

* 6 * IBJ-t'lll lOtcl 


HTtWPT'i''’ It Hi Iiu0| III It. TO Ml ItUOt OWMKC* 0.*T * 

ami ?i »J* as°» , «fo «L 

" ; ~*-s?Sn. .ofit n * .-•.ws-r.o.s! 

il t:S?i liStS * 6: 8S8 : |:|?S 

i| o*tor o«o • o*p8c l*S 5 

i 11 iili! ! fills ‘*1= .1 I li ill 


(BU'illll ttfiCI 
l.cpo o.t 


ttcoto ho. *?» 
BUI 1 IOH I I 

t«l f" 

I BU-STtNI ID>£ 


HOut* >■' «IB" 0 1 

It (0*0 10. ill 
BJI 1 ..(Oil 

it’i " * *n> in 

(BU-STINI I 01 Cl 




MISjliiCt* tp.il *2 (*(»0l III It. it Hf t*M0t »»• OIMIW. 


tKOtO 11, 
BUI < 11.0 


»B» fit 

IBU-STIH (111(1 


tfCotQ hO. *70 
BUI J 1 6(0 t I 

( III *Hi 

(Bu-JT*H| (St Cl 

t 1.0C5 0.0 


ttcoto NO. 
BU« >1 6(0 

• 7mi 

inO.titNi 



BOOti Hi 


unto io. 

_BJI * IILU 

I III 

(BU-STtll 


’••ouiBct* tt.t) it IlctOl #I| il.t* H t «t(AO£ »*. 0»BM*C. O.tl X 


«((0«0 *3. Ill 
1UI I I*.® II 

■ A** ipS 

(BU-JU1I (QF» I 

t e.tjp o.o 

i S’.oj* jtelo 

i M 

t c.ccc o.o 

• OoOyO 0*0 

; i:||5 l:t 

t o.ojj n.) 

t »».«ot t*. 1 


ttcjto Hi. »t l 

BU* 1 l* (3 « I __ 
• III lit} 

INU-MINl 1 01 cl 


ttcoto HO. M2 

But j Ml6_s> __ 

I ” BBI " IKS 

(Bir JTtBl tatci 

- 0.000 0.0 


o.o a 
•o.ttt 


BO u t« III |I|| Oi F 1 1 OUCHC 7 • J7.lt HI UlaOI t|« I|*j7 Hi Itltot oil 0*Bl|HC» 0.0 X 

t|C0*0 jo. *IJ ItcOiO M3. All ttcoto BO. Me It COt 0 BO . Ill 

bui i i*iO tt "u* i ii. o it bu« I , _ bui * m t 

SCI *N* jci" Inf ii? SC* Inf BHS SCI »"» f*JJ 

(Bu*S7<N| |0(6| (BU.V.til loti' |BU-St*NI (MCI (BU-JflNl lOtCI 


ttC®lO M3. II) 
"U* 2 16.0 #1 

* IBU-^T^il (B((l 


0.0 
0.0 
-107. I 
67. t 

IS. 2 
0.0 
0. c 
o.c 
0.0 
0. 0 


ttcoto BO. 

BUI > (6.0 


»*t BHS 

(BU'SIBHI (MCI 


iA>l>MbV.vVvN\s iv.v .s’N vv ; .v.vW-.’- 


• • . *,• » .*« * & ■ 
.A A. V* * W V V O v* * 



/ 
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TABLE 24 


MODAL PARAMETERS FOR CONFIGURATION 4 (b) AT 920/1000 RPM 


(1001* l»« .c* 1000. fifOutkCf li. *1 HI <IL*OI Oil l».*0 HI IClAOE OAHCINC* 

. .Jl-SiHiJil !SS 3 !i 8 §J 

* 6 ' mu-tuNi t of cl *** M "* i*o-s^*n» «oio» * iho-sj#hi « 


»*>* 

i.u-snii 


»fC0*0 no, 

HUM i ISIS 

* . * 5 ' 

I "icSUNI 


6f COCO NO • 

HU* ) IkO 


SCI AHI 

(nu-STOn! 


• o.ooo 

- 0.000 


NOI>(« II I IM. 10 0 0 , 

SICUID ,10. 091 
Hut l ItlO 

SCI AHI . OH. 

Ull.mil leu* 


MIOUfNCI. tl.l« Hi I0CA®1 •»> 11.01 Hi ICLAOE II. OIMIM* 


i.m > 1 * 1.1 


KCOID *3, 

nu> 1 < 0.0 *1 


■ *N V - W * 

HU» 1 10 . 


AHI 

(ivimi 


ClCOlO NO, *01 

«u* 1 <*C 0 II 


»ICO*0 NO, 
hO» 1 ISiO 

l1, .-».ivL> 


ptooo "* 
0.000 


NOOI* I*. HI"* 910 1 

a sT.H t iv 

... - -- 

iru-smm irUl 


»*(a«|NCl»ll0. T« HI ItLAOt. •>. 109.01 HI I 01*01 SI. OAHMnC- 


«ico*r. nJ . ioi 

HUM 1 11,0 Cl 

i " ah * ini 

1*1*.) A'l totci 


1 . 00 ' 

l:l!< 

OoOuO 

o.*u 5 

UOK 


0.0 
-liv. J 
1 * 0.0 
-l*,C 
ISOoO 


* im/-s?«Ni ioeS? 


U.VUV w.. 

0.916 -116.1 

o.ooo o.o 


Of coco NO. 

hu* J l O ld 

SCI Ml 
iHirsUNt 

- O.OftO 

» 8:222 . 

s yjh 

ic s:Sp 3 


|l|. 1000« lAtOUfNCT* l|,|l HI |lll{l Cl. 11.0) M 1 lOLAOt SI. MMIHt* 


I AS’ ins 
(KU-S'INI 101CI 


SICOION). 6?1 
IllJJllG l<_ 

I* " ’ill" * ~IH) 

lHU-SU.1 I Ole I 


SiCOAO 

RJI ) ( 


ami 

iHu-STANI 


ft 5 5 °s°« ye& 

1 IH0-!?{nI 


.Oof* s», AfH- 1000, ISfOUlKCT- JC. t(i Hi ISLAOl 


J 8 K! l»L 

• »H» IMi 

<HU-ST«NI I01CI 


SfC0*0 «3. Alt 
HU« 1 IS.O II 

i tHf IhS 

inu-tia. , <0(0 


CICOCO nO* 
_ Rda _>_ ISlO 

* ah » 

Ind-.iani 

i 8:8’o3 

- 9 . 0O0 


HI I CLa 6 ( S’. 0 A"|InC> 

*•• KCCOSO NO. 

Cl HU* » 1*1° 


SCI All IhS 

IHU-SUNI |C|Sl 

- ®.°oo o.o 

* t:«p 8 :c° 

s 8 : j 2 b l l:l 

,3 t:m |:§ 

: 8 : 8 o 8 i:i 

1 C* 0 ** •*l# j 

6 l».))l 1 °.* 
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MODAL PARAMETERS FOR CONFIGURATION 5(a) AT 0 RPM 


If CURD -(0. 401 
*Xl 1 ULO • > 


ANA AMS 

Iru-SMNI IOECI 


AACOUENC** $.21 H| («L«Ot II. $.21 "2 (HID! $1. OAHIINC* 0.$B I 

MCOin Hi. *32 ItColD NO, 40$ KtcOtO "0. 40$ 

Nut 2 |*.C Cl »g» ) (IlO II «u* $ I IlO $T 


(HU-SIHI IOECI 


ItCulO NO. 40$ 
Nun ) UlO II 


• in ins 

(NJ-JTkNI |0(6| 


\ 


0 o u 
0 • 0 

1 

ti 

14 

x\ 

1.000 

0,*5*J 

8:8 

1 

l.CnO 

8:o 

8:o 

8.‘8n8 

b:o 

0*0^0 

1 

5 

6 

o.hi 

8:ioo 

o.o*s 

0.0 

0.0 

0.0 

160.0 

8:8(8 

8:8l8 

8:888 

% 

8:8 

u 8:8 

5 

7 

8 

10 

8 :?« 
o.oaa 

180.0 

0.0 

0.0 

160.0 

IH 

5 

12 

8:8 

8:8 

■ i9 1 

Of 1 

•i.im 

H?.9 

1 

46.11 ’ 

46.2 

i 

57.062 


5 «l 1*1 IMS 

CnU.!|>Nl IOECI 


NODE* 2*. 


IICOIDNO* 
NUX l ( I LD 


1 . INI . 

invstiN) 


HE OUCNC V * $2. $6 M2 !II$Oe II. 


IECOID NO, 43$ 
NU« 2 (l.u 8 1 


■ AHl IMS 

INU*$IA 4 > ( 0 |C| 

» 1.000 0.0 

\ 8 :ssi “ 8:8 

? 8:?Si i|8:8 

2 8:o x *8;8 

; 8 :§ l 8 8:8 

2 o.jio i*o«o 

l 41.2*1 -66.1 


llCOlO Np. 
««x $ UL 3 



80*01 

h:m 

0.0 

C.O 

Q.OOO 

0.000 

8:5 

i:!g 

* T:l 

8 : 8.8 

0.0 

o.o 

0.0 


$1 * $0$ 


m 2 ULIDE $1. DANIIWC* c.$» * 

;?* W'Silii 33* 


frtj SCI All INS 

tofcci tRU-$UNI IGttl 


NODE* >1. II M* 0. 

IECOID NO, 4®7 
NO* 1 ^0 L t>_ 3 I 

SCI " ana IMJ 
INu-SUNI IOECI 

1 1.003 0.0 

\ ?:? 2 $ 128:8 

$ iitii -u?:? 

i 8 : 8 is " l ! s:s 

s 8:811 8:8 

10 C.|U 110*0 

*E 1 11.193 -26.1 


HEOuEnCt* 01.11 M 2 I ILAOE II. 00.12 

•ECOlO N 3 . 401 »ECO*U NO. 

Nyi 2 (ILO II nOa $ tn .0 

$ 6 l* _ ”**"* IMS $c« _ A B* 

INu-iTIa I ItilcF ("O-SilNl 


M2 (H.AOE $1. OINIINC- 0.4* t 

400 IECOID NO. 400 

*1 MUA J^IBlO 4* 

(oeci ts * im»*traii» EBici 

8:8 : 8:883 8:8 


40uf* lE, Ian. o, 

tCCUlD NO. 410 
nj* 1 ULD >1 


SCI AHA IMS 

(Nu-sriNi ioici 


fAfoU£NC$- 21.01 m2 IUaOI «>. 

lfCO*0 m3, 4 1 1 IE 

rum 2 11.6 II nu 


SCI AS* IMS SCa 


Of $ 01.012 “10$.$ 


0.003 

0a.4|T 


IEC030 NO. 
MU* 1 <81.5 


M2 < IlaOE II. OAHU nC* 0.6$ X 

412 IECMO Kd t 6*2 

|1 ru \ j |( lO $1 


AMI 

inu-SUNl 


* C * iRU“jra«i idee! 

- o.ooo a.o 
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! m 8:8 

10 8 : 8*1 1 . 8:8 

: 8 : 8o8 8:8 

i 0 . 02 $ lie.o 
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|00£ ■ 1*. IAN* 0 
lC * lAU-tt^NI (DEC 


f If OUCNCT* 44.24 M 2 (ILAOE II. 44.42 M 2 IILaOe II, 01 *|lM. 0.41 X 


A EC 0*0 ND. 4 lT 
MUA > IILU_II 

I ” ANA ” * IMS 
MU'SItil IOECI 

! o.ooo c.o 

8:^ 8:8 


it Coed no. 

_nuA_J_<iLO 

I* “ "a«i“ 
(NU-ITINI 


IECOID «0. 
NUN 1 I»lO 

■ Am! 

|RU- JT 8 N 1 


> kS ."*! <k\ . 
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TABLE 26 


MODAL PARAMETERS FOR CONFIGURATION 5(a) AT 1000 RPM 


MODE* IE « (ED* loOo* 

*£COt <0. *19 
MU < > (ILO II 


EIEOUCNCY* 19 . >1 Hi (Il*DI lit Xl.lt *2 (HADE 51. DANEINC* 0.11 Z 

NO 


IEC0ID.N3* *70 
«U* 2 I|lO II 


«s°5 d ,;eo 


421 

91 


SCI 

AH> 

(RU-SUMI 

*7«S 

(OtCI 

sc 

AH* . 
Uu-STftl 1 

*MS 

IOECI 

1C* 

AH* 

IHU-STKHr 

,052? 

S 0* 

! 

4 

1.003 

0.309 

0.003 

0.023 

0.0 

0.0 

0.0 

0.0 

i! 

14 

1:??? 

8:sh 

8:8? 

8:8 

100.2 

16.0 

1 

l.Ooo 

8:808 

8:8?s 

8:8X8 

8:«( 

0.060 

0.3 

0.3 

?:§ 

2 

5 

? 

0 

9 

1C 

1.107 

0.021 

124.4 

’23.7 

5 

15 

i?4:i 

5 

c.o 

s*? 

9 

0.401 

0.003 

0.^57 

'••all 

120.4 

0.0 

63.2 

110.0 

16 

9 

12 

8:s|s 

8:83? 

-*u 

sM 

9 

O.d 

S:l 

to 

I 

4f 1 

16.083 

2. .0 

i 

2 5.0*1 

27.* 

1 

23.92. 

li.l 

1 

HOPE* 

2F, MH- 

1000. 

E.EOUCNCT- 93.30 

H2 1 BLADE tl 

. 99.lt 

h 2 ItLXOE 

3», 


l«U 


-W 


N ) 


0 . 000 
0.000 

ills! 

0. 


(DEC 

S : 


00 
000 
000 

0.0*0 


EHJ 

8:8 
- 11.0 
0.0 
0.0 
-17.8 

l V 

5.0 

0.0 

1 * 1.1 


sc* 


•CCURU.'IO* 
hux i <*lo 

AHP . 
( HU - ST 3 N J 


N F 


•DEC I 

) 1 : 82 ? M 

' ‘ 118:8 

8:8 
8:8 
128:8 
- 122.2 


3 

4 
9 
6 
7 
6 
9 

10 


0.801 

0.801 

iiih 

hu 

2.113 
6. *61 

9 • 566 


3CI 


WS 0 5 °. K ».; r ._ 

«of 2? 


sw.Ks ir 


DAHMNG* 0.»0 z 

S 65 ° 5°«:?4 ?!’ 


11 

9 

12 


An* 

l.OoO 

8 :si 8 
TO 
6:&|3 

■ oOq 


1C| 


INK 


■ItEw 


*c» 


*N» 

i.v-mNi 


?: 9S? 

*.937 

*.101 


0.0 

i.8:8 

8:8 

TO 

i«8;8 

l»0.0 

7.0 


ooo 

000 


l |.000 

- 8:666 

3 1.210 

- o.ooo 

- o.ooo 

- 6.000 

9 2.983 

. (.ooo 

1 *.9*l *7.2 


9 

10 


8 

wo 

in 


IDES? 
0.0 
u8:8 
!:8 


9 

..o 

6.0 

0.0 

0.0 


1.910 227.2 


KOOE* 1ft «».• 930 

ItECOlO «0. .26 

i i.lo *1 

sc» 


1 

$ 

4 

9 

* 

.! 




An* 

(*u-ST««i 

1.003 

8 :>.i 
uni 
till* 
ill ? 

0*136 

i.m 


.MS 

(Ct Gl 

0.0 

158:8 

iXi 

ki 

s*:* 

■l*2»l 

12.2 


|0p£. IE. ***• 930 * 


|E C0|0 9n. 

Nji 1 i»Co 


JC« 


I . u - ? 7 I ft ) 

C.COm 
0.000 
G.OOJ 
0 .OOJ 
I.Ooj 
0.575 


f*£0u€NCT-ll4. 34 h 2 (iLADt 0)« 114.77 

*ICC «0 Ha. 4,27 

HUX 2 (fit D 81 


*C« A** PhS 

(HU-ST**) (DEC! 


I 

I! 

i? 

t 


1:88? 

1 : C 3 7 

o.i*i 

0.6ft* 

0.1*3 

6.000 

0.320 

0.31* 


f»JS 

EIEOUENCY. is, St Hi l it *01 • > 



ItllOE *», OAN.ING* 0.12 Z 


■ECO$D,NO> 
«U« 1 I ILO 


*2t 

»• 


iG» , »*. . 

(MO-XTINl 


. .MS 

<OESI 


.88 
t tih 


9 

10 


7.7*1 -67.3 1 

<9.9* Ml ltL.DE 33. 


8:*6? 

8:8o* 

f:888 

4.216 


* 8:8 

i.8:8 


-172.2 


4?9 

0) 

*i”s 

< Dfc C » 

0.0 

C.O 

0.0 

c.o 

0.0 


sc* 


1 

11 

1) 

I* 

9 


LCO a O M3. 4 3 0 

Ox 2 ifiuD 01 

AS* 

(*U-$ T *4 » 


*kCOXO,WO* 
HuX > (lift 




OA«*lhC- 0.09 

RECORD HO. 451 
rux 5 I»l0 51 


0.000 

o.ooo 

0.029 

o.ooo 

1.000 


*HS 

(Ok.* 

0.0 
Wf 0 
1 * 0 . 0 
0.0 
0.0 
1 * 0.0 


sc* 


A** 

I PU-S 7 K 47 

8 .000 
.00v» 

8 .000 
.000 

m 


*H r 

< 0E Cl 

8:3 

tit 

8:3 


1 C* M* 
(RI3-IIINS 

O.OoC 

)0o 


i 

i 3 

0 . 43 * 

8 :?i 

0 . 03 * 

0.0 

0.0 

0.0 

16 C .0 

16 

9 

12 

CuOOO 0.0 
0.000 0.0 
5.228 0.0 
0.000 0.0 

9 

0.000 

O.ooo 

0.224 

0.000 

8:8 

8:8 

Hf 5 

9 7 • 1 7 j 

» 1.4 

5 

94.510 34.7 

5 

94.436 

- 30.7 

HOU€* 

it. **«• 

450 . 

ElECUENCr* 3 >. 7 <; Hi iilaOe 

81 

« 90.11 

Hi l.lAOE 


5 I.CpC 

5 Sills 
j 8:2|l 

OOi 


.MS 

(DeC) 

6.0 

8:8 

8:8 


._OgG 

1 0*000 

9 40.0*8 


0*0 

149.3 


tECORO NO. 417 

ho* i (blo e» 


ACCORD * 3 . * Jo 

nux 2 (Q .0 


sc* 


A** 

InJ-STiHl ( OE C 




36* 


3 

4 
I 
0 

9 

10 


«.«53 

no. 4 

1 

c *:iS? 

-79.7 

-**1.9 

\\ 

4.0S> 

4».4> t 

-04 .S 
164.0 

5 

33.08^ 

108.1 

15 

26.313 

105.9 

16 

7.007 

112.2 

•• 

w.003 

0.0 

9 

2,974 

-ei.i 

12 


1.097 


AH* 

(flu-six'! I 

0. 2fc* 

s:sh 

0.017 

2.494 

8:239 

0.009 

1.009 

1.707 

0.009 


*HS 

(Otc» 

156.9 

•ih:J 
T kj 
lllll 


feCCOXO Up. 
flux 3 (bLO 

sd AH** 

I HJ-iTBNI 
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Hi 0AH*l*C»-3.t>0 X 

fc£C0*0 mO, 09 

*»X 5 (9L0 91 


it) 
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)0. 3 


8 :d 3 

8:eSg 

3 :iSa 

S!8S8 

i:8gs 


ID 

l«C.O 
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.0.9 

tto.9 

C.O 

8:8 

8:3 

“l 3 7* I 


9- 

10 


7 h 3 

ioeci 

0.0 
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11.0 
l..o 
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8 .000 0.0 
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TABLE 27 MODAL PARAMETERS FOR CONFIGURATION 5(b) AT 0 RPM 


*EC0*O to. 4i* 
mu’ 1 Ulo #> 


(MU-ST<9) 1010) 


MCUUENCi* 4 . IV H 2 t.LAOl «), 0.1/ 

uccto <o, i<>» record nq. 

n\Jt 2 (8.0 9) «U* ) 1600 


s r .t 6hS 

mu-STtti idcci 


1.000 

0.716 

6. 363 

8:8 

0.0 

1 

\\ 

l.OoC 

8:8o3 

0.0 

8:8 

\:li\ 

0.0 

160.0 

14 

3 

8:?I5 

1 28:« 

h:i 

5.051 

5.003 

161. * 
0.0 

15 

16 

m 

8:878 

5.673 

o.iee 

0.0 

0.0 

9 

O.Q 

66.2 

5.003 

0.0 

12 

( 1.221 

0* C 

19.161 

22 . * 

1 

12.936 

-71.0 


recoaD no. 

*VX ) (600 


• *6 


Hi lit ADI 51 1 (UflMMt* 0*60 t 

*66 *tCO*D K°. *66 

61 *0* I IBlO 51 

'Toil? 

0.3 - 0.000 0.0 


MCOuGnCy* 32.32 M 2 I ILADfc til 32.9* M2 ttOOE 31. 04MPINC= 0,07 X 


*ECU*U NO, 467 

MUX 3 llLD_»l 

! ” " 4MP P MS 

(MU-S(*NI IDECI 


UCOtO M3, *6* 
_MU*_* <*L0 tl 

I »M (MS 

(MU-ST69I lOEOI 


liCuto NO. 
MU* 3 l»L» 

> '*«i 

|M 0 .JI«N| 


*f C060 MO. 4.9 

MU* 3 IttO 3j 

set t MM IN) 

|HU-*T«Nl IOt(> 

- o.ooo o.o 

- O.C30 0.0 

i MSI l '8:8 


ilia 6:8 

0*003 0 *U 

12.346 -lit. I 


• 31, Kim* 

*tCD*0 up. 

mj* l « a Co 


ftEOUENC*. 91.23 M2 *»L»Ot tl, 

*ECO l< D N3. 471 *E 

HU( l It.O tl MU 


4"7 PMJ 
tMJ-SKNI (0*0 


Sc* *ei 7" 4 id . 

I"U-S'UI (OKI •! 

1 1.003 U.O 1 

11 O.OOC 0.0 

13 0.007 0.0 

14 0.491 -67.8 - 

S 0.316 -94.3 S 

15 0.466 -13S.2 

16 0.000 0.0 

- e.ooo o.o 

1 0.349 0.0 9 

12 0.3S9 110.0 

I !.i(C 146.1 1 

** E OUEM. Y • 21.66 M2 I • (. *0E *1. 


REC06D.N0. 
MU* 3 <ILD 

1C» "*MP . 

iMu-StkNl 


N2 ItLtDE >1. 

472 a 

«> M 


, 0*MtUC. 1.21 X 

atcoto no. *’2 

MU* 3 l»LD SI 

*MP ”p«3 

.M'HilKNI (01(1 

O.OjO 0.0 

m -wi:? 


17 (Ol»OE Sl| 04 mP I N(,. 0.67 X 


«tCO*U 90. 47) 

MUY 1 (ILO 61 


("U-SlNl) (OECI 


6EC0MJ N3. 474 
MU* 2 18.0 *1 


(4U-SU4I (Otrl 


4ECQI0 NO. 
MU* 3 1 6 t_D 


4MP 

*Mu-STNNI 


afCOtO MS. 473 
MU* 3 (060 31 

t *Mf (M3 

(MU-37*NI 10*01 


0.02 3 

0.0 

1 

0.011 

0.0 

1 

0.003 

0.0 

11 

0.077 

0,0 

• 

0.003 

0.0 

11 

0.015 

160. 0 


0.003 

0.0 

19 

0.000 

0.0 

• 

1.003 

0.0 

5 

1.000 

0.021 

0.0 

5 

0.661 

0.0 

15 

1*0.0 

• 

l:°M 

0.0 

0.0 

16 

0.000 

0.000 

0.0 

0.0 

1 

0.(33 

U.O 7 # 

0.0 

9 

0.136 

0.0 

V 

160.0 

12 

0.00. 

0.0 

• 

1*0. 17» 

»!•.* 

5 

162.196 

66.1 

5 


3 179.73* 


- O.OpO 

i 8:K8 

9 150* T57 


itc0*0 *0. 6?6 

"U* t I6LQ 6> 


-It 5 n i (OfcJ 


fKEOUENCY. 4*. *9 Ml (ML 601 II. 47.22 Ml ItLlOE 31, C6"riMC» 0.33 X 


6EC060 NO. 477 
MU* 2 (_» - D_ • )_ 

• Ini * PM 5 

INI -S 769 I (OECI 


KECCtO NO. 
MU* * (ICO 

so " »*i 

IMu-STINI 


*7*060 NO. 471 
HU* 3 1 *1.0 31 

* Id. Om5 

(Mu-ST*Nl (0«t| 


6.003 
* 6. 965 


V ; : . W\'- 


. • • . • /*. 4 ’ «•_ .* . '/ 

*>’ * > * 6 V *3« » * 4 » . * .S ■ » -V • 



6 27 . 02 * 


51.6 











TABLE 29 


HODAL PARAMETERS FOR CONFIGURATION 6(») AT 0 RPN 


ktCQtU NO. *T4 

ku» i 

• ” AM AH 4 

tnu-mm totci 


OOOl* if* kt»Vi- c. 

MCOkO.NQ* *1* 
hu*_1 I ILO *• 

S6k” ' AM . . M'S 

(hu-SUN* <060* 


mOutkCt* 4 . It Hi III 4.14 Hi UUOt Ih OkHMNt* lit) 


kICOiO NO* »*0 

.* u . .'J*S *• 

I . AHA AHS 

tHU-tm* lt>‘0> 


t(Cg*o kO. 

HOI ) (*(.# 

44 k *"f 

(Hu-SUNl 


\V - 

* |HV*-ttJ>(» tofSJ 



4 10.111 114.4 1 IMtt »U 4 .t i till** *WM 

flluutuci* 11.04 Hi tt *>464 •». 11 . It f) HUM It* MM 1 M« 0 « 4 » 


MCOkO NO, »*0 
HUi i (k. o *1 

t knk AhS 

KIMIMI (Oft) 


kttOtO Ho, *k* 

Hu l 4 Lift »> 

(HM'it^NI (ojkl 


:>s v.g > sr 

ui“ i»r »h4 

(HlMtKHl (0(0) 



'?!•] * 


H 006 - If • 


fktOUtNCt. 40 .il Hi l»U#l *>. 


kl[U«U no. J 41 

LD_*2 

• AM AH? 

(.H-iTiNl lOtC* 


kltO*D NO, 
HU« i (1.0 

« '»*( 
t*U~4tkN I 


kkCCkO HO. 

_»u* »_(4kJ 

• * »»r" 

(HU-UlHl 

i i:s?8 

» t>Dfj 


Hi tkUCt 41* Oink!.** 

5§i5!i*iL? 

~7ti nr ,^t i 



HOOf It. *fH. 


f*l«W«H.\» 14 . 4 » Hi ( HADE kl. lO.Of Hi UUOt )»• OkHMH&H 0.44 


ttkCOKO * 0 , 4 *k 

Hu* 1 (8LO • I 

SGt~* AM* "hmS 
(Hg-1T«N! (OfCi 


o-en 

44 ,( 0 * 


kit(jkl> *0, *4* 
HU« 1 (*(.0 kl 


(MU-4MH) (( 


kl;CtO *o. *04 

Hu* 1 (1*0 II 


(Hu.iik* » toft > 


k(i.j 40 


* (HU-jfk'll 

- c.ocS 

- o.ooo 

1 \*Hx 

: t*f|* 

4 5 ,J»a 

- 0.000 

4 44,11* 


'*** t|((!»t?llHt (060? 

: m 8:8 


fktQUlHCt* 1 T.T 4 Hi UUOt (I* )l*%) Hi dlitt til **H»|H 6 h 0.*0 


— t* • V 

-17.5 

-iv 

-ICO.i 


|!C 0 *0 N3* 

* It.ll si ^ 

t a*f ms 

fOEOl 


MtMft HO. *%% 
Awl 5 (Kd SI 


tcu 


fctCOtQ HO. 

RUR * (US *1 

5 ^* (KvtlkH) ,oiS? 


Nf 4 l.kOi - 44 . b 
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TABLE 31 


MODAL PARAMETERS FOR CONFIGURATION 6 (») AT 1012 RPM 


100f * IF. 10W. 

*<CQ«U <10. 000 
MUX 1 1*1.6 *1 

SCI »«» **'i« 

(NU-ST4NI (OiCi 


1 

i 

y 

i 

10 

4F 1 

kOot* 


l.Ool 

i I'Mi 

m 

m 

s:?ij 

0 ‘iU 


It# 

*», 10 U. 

& u i 0 «:eo iv 


Stl 

i 

1 

x 

1 


mu 


!« 


ii 


lu 

1 


8:s§? 

o.iii 

W.lOl 

11 . 21 * 


f<(Ouenct* j*.sc Hi m»ui o i • lo.ki h 2 (»i*de ti» dhmukc* 0.11 X 


JC» 


*fCO«# k>. 
«UX 2 IUD 

Iftt 


Ml 


o.a 

8 :b 

=!«:* 


1 * 0*0 

1 


j o.m 

1» 0.008 

“ 8 :$. 0? 


uO 

.1 
002 

1 H*l«4 


iJ 8 : 3 * 


001 
• I 

'r^s 

(OECI 

O.u 

0.0 

“ 8:8 
-07. t 
0.0 
0 . 0 
0.0 
o.o 
0.3 


l(i ill fxl 

mu-s T *xi totci 


II COMO, MO* »o* 
Mux 1_'**0 0 > _ 

let". MM* ”, ?M1 
<Mtf-iIIM* <0(01 


11.1 

MFOUfMC*. 00.00 HI 1 UlOt 



1 10.000 


0 

10 


8:888 

\:lh 

8 : 58 ? 

8:848 

S :888 

IT.*MI 


•’J :i 
8:3 
“ 8:8 


111.0 




»0.0l HI moot 01, OftHOlllO'-O.O* X 


*gcc *0 HO 


II . 0 


030 

•I 


Ml 10^0? 

8:8 

m 

”' 8:8 

“ 8:3 

i. 8:8 

—loo . 1 


Is* 


Si 

i i 


t 

12 


(«U-J?»'l 

i:«? 

0.111 

s:i p 

8 :«? 

8 :?o°? 

0*011 


IM> 

10(01 

0.0 

110.0 

. 0.0 

l»0.0 

. 0.0 

1 * 0.0 

0.0 

0.0 

. 0,6 

1*0.9 


SCI 


4*00*0 NO* >00 
HU* I^'OIO *•_ 

(HO-t"*M* 

8:888 


l 11 . on -lol.i 



«ce*o so. ooo 

HU* 1 ( 0*6 01 

SC* (N» -.Hi 

(KVSTtNI | 0 ( C , 

- 0 . 0*0 0.0 

> io8’.8 

• s-s 


.030 

i: ol! 8:8 

1 1.000 0.0 


loo 


1 11.42* 


06.0 


XOOi* 1*. »*"• 1011. F<tOut4C*»ll4. •> HI (41401 II. ll«.4l 


«(CO*U * 0 . JOb 

HU* l (»*6 *1 


RtCOlO Ml. >07 
Hu* 2 (.Co *1 


1CI 4N» 

mu-siiMi 


1 

i 

% 

5 

y 

% 

10 


l,up3 

8 : 8 ^ 

h:yh 

m 

0**11 


IF 


0.0 

Kt 

i. 8 :b 

’ i y .8 

-IfiU 

1 * 0*0 

- 95.0 


$c» 

11 

1 ! 

9 

12 


r *£ Pn\ 

(oe;i 


i oCCO 
.015 
. 2*9 
.019 
• ec 9 
.562 
0.219 
O.CCO 
0 . 9*2 
0.969 


io. ni 

flQOi* lit 1012* 


f oO 

.9 

90.0 

190*0 

liOoO 

190.0 

99.1 

0.0 

190.0 

190.0 


- 1 ? 6.9 


let INI 
ihu-stini 

1 1.000 

• 3.000 

- 6.600 

> 8 : 8 ? 

: 8:888 

; 8 :??? 

• u. ooo 

1 11.412 -.7.1 


Ml ll*»DE *1, 

IV 


0XHF1NC* 9.47 X 

MM°$ 0 « 6*0 \V 


W Inw-tllxl ,o8S? 

8:888 

!:?>* 

8 : sis 

till 

o. cS“ 


l 

iS 


“ 8:8 

, 8:1 

1 * 2*8 


?:8o8 

14. CO* 


—.0.4 


FIFOUEXCT* 22.24 H2 *B*40* 

*f,CO k tr N3. 410 
xu> 2 UlD II 


II. 


2>,>1 M2 IlllOt 41. .IRFlaC. 0.7. X 


*tcu(H»,xa. ill 

MUX J <1*0 »« 


*|CC *0 so. 

mux 1 (1*0 


411 

41 


• • • 
Id 

mu-tilni 

MS 

(OECI 

ssr 

ASP 

IMS 

loeoi 

SCI 

A«9 . 
i»W-ST9H> 

• otci 

1C* 

969 

IHIKSUWI 

(0(C| 

i 

i 

0.055 

0.000 

0.0^9 

0.C02 

-95.3 

0.0 

8:8 

i 

w 

19 

0.022 
6.099 
0.c^5 
0 • OwO 

-11949 

-59,0 

190.0 

0.0 

1 

8:858 

8:888 

8:888 

8:888 

8:884 

-*s :3 

8:3 

4 

• 

°.fcsO 

f:K 3 

«:«s 

%:i\y 

r.u 

0«0*» 

0.6 

8:8 

8-3 

i 

t 

1? 

S:Ri 

1 : 51 * 

8:oj4 

0.0 

0.0 

0.0 
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5 

12 
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5 

? 
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J 

i 

u 8:8 
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4 
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* 

y 

9 

9 
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O.bOB 
1 4 OOj 

4.4 105 

6 . 2 *> 
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TABLE 32 


MODAL PARAMETERS FOR CONFIGURATION 6(b) AT 0 RFM 


gicoto «p do 

nut l i»to »i 

! * #M€ 

(•**-*«<% 7 vtv , 


DATA NOT AVAILABLE 


FRIOUENCf- Ml >ALAOt til 

Rfcoto no, >n RE 
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* IM * " Ll SCI . 
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lit. I 
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o5o o.j »o O.ljo Xte.o 

coo o.J - o»c 3 o i.o 


«Uil 


MODE* III t>M 

*€CO*U HO, 433 
KOI l tti6 II 

Sc ABA* AMS 

I HU" S' t N I 10EC) 


l l:hi 
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. 0*3 
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«HU-ST«H» «OEC» 


li 
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0 . 639 

i. 8:8 

1 ) 

is 

0 . t »7 
o.»*o 

8:8 

l? 

0 . 0 *fc 

0.373 

“ 8:8 

u 
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“ 8:8 

R 

11 

0.356 

ie 8:8 

l 


- 173 .* 


h5«°* 0 iS?» i?» 


|«tU-STt*U 


asgtgsjji 

* nw-!t*Hi i of 


RUDE* IE, (An* 

RECORD, *0. 336 
KOI l UlO (II 


Iru-stIn> «occf 


10 0.4)9 

N* 3 **.079 

HOOE* II, AAH* 

RECURO HO. 
HOI l I At 6 

SCI AHA*'” 
<HU“SUHI 


F*ECUE«:r. 19.91 Hi UlAOt II, 

RECOSD HO. 43* RE 

HU J UlO *1 HU 


10.01 Hi m«P! »I* OARMRC* 


REC3A0 Up, 1)1 

Hu* 3 (pCo OS 


set i«A Arts 

(ttO~St«MI IUECI 


-JO.I 

■ils:4 


•Rccao M 3 , 

rOr 3 «SU> 

I ASA 

(HO- JUKI 

- o. oaa 


0. MtCuCtfCt. 37.01 HI (0LA0E 01, 30.91 Ml (HADE 3|« 0«HA|NC> Q.O* X 

9 ItC'.O 13, 9*0 «f.C0*0 NO. 3*1 OICORO.NO. 3*1 

MU* l (OLD tl HO* 3 (3 10 II _RU* 9 teiO »«___ 

AMS SC." ""aha* ""pH S Set _ A*’’ AhS set ” AHA* . AMS 

Ed IKU-3TR9I (O'CI l N 0-S>RN| (OtCI iHU-SiOMl tOIC> 


aha hHj 
iru-shhi ioici 





TABLE 33 


HODAL PARAMETERS FOR CONFIGURATION 6(b) AT 1000 RPH 


• 0D(> t'l • **. 1CP0. MfCU| N C4* ll.tO Ml liuot »»• l».*4 »l 111*01 S»t 0*WlHC* 0.17 X 


«tca«o < 0 . s *4 

«JI 1 1110 *1 


«fcn«o ho. »>o 
hu* j ti.o ii 



Ul 


MCO.O HO* 
hj« ) 111,3 

IM 

mu-siaxi 

1.000 

o.ooo 

o.coo 

\m 

0.000 

0.000 

S:??2 

o.ooo 

».i«i 


\v 




1016 


ii* 


i 


■1M 


11(0*0 M. !'l 
Hus 1 llc9_*l 
....... 

tmrii«n 


. 

10 


0.000 

teh 

Mil 

8:?u 

tm 8:8 

1.000 0*0 

10.010 Ml.* 


*001 ■ i». im. 1030 . MiouiNt». n.i* mi m»oi *i. M.i* «i «»i»o* li, miMH* o.n x 


«|Co *0 * 0 . »»/ 

HUS l t»l5 *» 


161 


*H* 

(ftw-SM N > 


11 


1 

) 

( 

lo 

l 


1.501 

O.o*l 

:|ii 

1.029 

8:t« 

0.1 w 

i*.4*2 


10(C) 

*?Il 

1 * 0.0 

l g:l 

li:) 
0 *. 
0.0 
110 . c 

... 


*0j(. Jf, |M. 

iicOu »p. 
"u* l <*10 


stf 


t*U 


-ill 


1.000 
1 .661 
J .11* 
1 .«■*! 


0.201 

0 . 20 . 


0 

10 




.M 

0 • G ?0 
0 .21* 
0,111 

».*«o 


111 

1 1 


• ((0*0 NO. Ill 
no 1 2 UlO It 


1(1 


inf 

mu. sum 


li 


i ilp 

l:Js 


ij m 
1 1 1.2*1 


aicotto no, Jl* 
no* l use_l I 

SC* * * »"* 
|RO*lt«Mt 

1 1.000 

: 8:828 


i u. in 



8u»°i B »ogi XV 

,t * (NU-Si 2 n» I 8 ? 6 * 


* 

10 

I 

1 


-. Jo« 

w J 
8:?h 
8:^6 
vA 

14.117 » 2 «l 


,0.0 

is 

i»B*o 

».o 


1000, MEOUCNCV’ll*. lo Ml Ill.DE II, ll*.l* Ml (%1|0( II, Oft"*UC« 0.41 

ttSIMfr IV 

|0(fe| 


MCO<l> m 3, 11* 
MUD 2 iv. 0 II 


ktCOlO MO. 
BUS 1 


**U 

Ml totci 
0*0 

0 «u 

*i Ml 
0.0 
11 .* 
1 It . (' 

- 101.0 


16* 

i! 

ij 

9 

1? 


AM 

(MU~ST4Nt 

J.tOO 

o.?m 

0.119 

4:IS3 

Mil 
0.000 
o. j*o 

0.999 


US 
(01 u I 

0.0 

* 8 ?: 8 
0.0 
1*0. I 

o.o 

160.0 

0.0 

102.0 

1 * 1.1 


16f 


0.104 -II. 1 


1113 

<ho-si«ni i 

4: 858 
8:858 
8:488 1 
8:888 
8:3SS ‘ 

.,140 -1 


16* l»f 


s 

I 

li 


him 

khl 

8:828 
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l*. 1*4 


• 0.0 
6.0 
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2:8 

G.O 

l*'.* 

0.0 

S .o 

.0 

-111. I 


•uoe 
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HUS 1 UL 


SO* 

1 

i 

% 

s 

* 

• 

9 

10 


AM 
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«:8 3 
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0*09? 
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■**8:s 

8:8 


8 *0 

.9 
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RUE 2 ULO 9) 


set 


AM 

IHU-STR9 I 
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Of 1 111.111 


h 

li 

»! 

9 


8:828 

h'A 

m 
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“ 8:8 

0.0 

0.0 

2:8 

O.o 
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-lOo-l 


•fC0*0 NO. 
BUS 3 IS 15 


; c« 


| Hu 
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- 0.000 
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5 X.OOO 
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* 0.000 

* I)|M0 


IIC050 M®. 991 
RUK i IftlD 5* 



BODE 1 


11, »fH. 1«00. MlOUCNCY- *0.17 Ml IlktOE .It *0.** Ill 111*01 ll, 0IN7IM6 


«(CU«0,10. 1*1 
W. IJlLO 
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m 
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* 

1 

* 

I 

9 

10 
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TABLE 34 


MODAL PARAMETERS FOR CONFIGURATION 6(c) AT 0 RPM 


. me * 1*1 «»*• «• 

_jk # s*«h» iv 

Iti” 


AN* 
lHn-*T«NI 



tICOtO.Nl. »»9 

HU* 1 *»l 0 tl 


tisv.sti * t ° 


MEOuENCY* *.*• MX |»k*Ot II, 1,16 M( t.tAOE lit MM| 

\th 

ic * « of 2 » 

i i.o 


IS* 


i ! 


>1 

5 


am . 

UU - SU *’ 

uh 

8 :ii 3 

C?9 


.Coo 

8 .*o* 


*«» 

ioesi 

8:8 

‘• 8:8 

l I ?:8 

8:3 


Id 


it 

I hu-?»1 


m 


sea 

8:?S? 

nCo 


l !».<••« I « I.I 


; 8 :? S 8 

- 0.000 

1 l*. TO T -«*.* 


} 

>0 

I 

1 


.000 

i 


L.OOO 

>!.««« 


*i(ou(*c«< it. io hi *i. ji.h h! iiuh »». m»iw« o .** * 


MC0*O 03, 

«U* t <*lO *1 


6 iS°»° 


set 

i 

I! 

ij 

4 

i* 


AMP 

iau-stm > 
l.OoO 

8:3 3 
8 : 1 : 

8 :ih 
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i.Sll 


f*,i 

IIIKI 

0.0 

is?:? 

.}??:? 

* ?:« 

r«:? 

1*0*0 

1.9 


sc. 


I HO 





is* 


A»P MS 
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D. 000 

5. 000 

Do 1*7 
1.040 

5# ooo 
0 0.046 

■; l|i 


10.»1« 
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0. 
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»tCu*0 

Hill " 


X iiZt 


IV 


is* 
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i 
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TABLE 35 


MODAL PARAMETERS FOR CONFIGURATION 6(c) AT 1000 RPM 
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TABLE 36 EFFECT OF ROTOR CONFIGURATION AND SPEED ON 
FREQUENCY OF FIRST BENDING NODE OF BLADE S/N 6 


- - not available 


Configuration Frequency, Ha 

Flex Pitch Precone Droop ( ipccd , rpn) 


Stiff 

0 

0 

0 

5.21 

(0) 

9.53 

(A00) 

12.75 

(600) 

16.30 

(800) 

19.52 

(1000) 


12 

0 

0 

- 

- 

13.52 

(650) 

- 

18.98 

(1000) 


0 

0 

-5 

5.21 

(0) 

- 

- 

- 

19.37 

(1000) 


12 

0 

-5 

5.19 

(0) 

- 

- 

- 

18.73 

(1000) 


0 

5 

0 

5.19 

(0) 

- 

- 

- 

20.32 

(1000) 


12 

5 

0 

5.17 

<0) 

- 

- 

- 

18.71 

(1000) 

Soft 

0 

0 

0 

5.19 

(0) 

- 

- 

15.46 

(775) 

19.37 

(1000) 


0 

0 

-5 

5.18 

(0) 

9.38 

(A10) 

- 

14.19 

(710) 

19.48 

(1012) 


12 

0 

-5 

5.17 

(0) 

- 

- 

- 

18.50 

(1000) 


-12 

0 

-5 

5.18 

(0) 

- 

- 


18.70 

(1000) 


0 

5 

0 

5.19 

(0) 

- 

- 

- 

19.33 

(1000) 


12 

5 

0 

5.18 

(0) 

- 

- 

- 

18.42 

(1000) 





TABLE 37 EFFECT OF ROTOR CONFIGURATION AND SPEED ON 
FREQUENCY OF SECOND BENDING MODE OF BLADE S/N 8 


- - not available 


Configuration Frequency, Hr 

Flex Pitch Precone Droop > ( apo d, rpa) 


Stiff 0 

0 

0 

32.17 


41.15 

49.37 

55.94 





(0) 


(600) 

(800) 

(1000) 


12 

0 

0 



44.76 


34.34 







(680) 


(1000) 


0 

0 

-5 

32.36 




55.30 





(0) 




(1010) 


12 

0 

-3 

32.32 

a» 



55.15 





(0) 




(1000) 


0 

5 

0 

32.28 


_ 


55.12 





(0) 




(1000) 

' 

12 

5 

0 

32.22 




54.62 





(0) 




(1000) 


Soft 0 

0 

0 

32.20 



47.06 

54.72 

• 




(0) 



(771) 

(1000) 

1 

0 

0 

-5 

32.05 



45.17 

L5.58 





(0) 



(710) 

(1012) 


12 

0 

-5 

- 

- 

- 

- 

55.24 ’ 

(1000) 

■ 

-12 

0 

-5 

32.19 




55.17 





(0) 




(1000) 

4 


0 

5 

0 

32,17 




54.83 1 




(0) 




(1000) 

\ 


12 

5 

0 

32.16 

__ 

_ 


52.64 





(0) 




(1000) 
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TABLE 38 EFFECT OF ROTOR CONFIGURATION AND SPEED ON 
FREQUENCY OF THIRD BENDING MODE OF BLADE S/N 8 


- - not available 


* Configuration 

Flex Pitch Precone Droop 


Frequency, Hz 
[ speed, rpa) 


Stiff 


91.80 95.88 102.05 109.29 117.37 

(0) (400) (600) (600) (1000) 


103.51 

( 680 ) 


o • 

0 

-5 

91.31 

(0) 




114.34 

(950) 

12 

0 

-5 

91.23 

(0) 

- 

- 

- 

117.03 

(1000) 

0 

5 

0 

90.58 

(0) 

- 

- 

- 

116.72 

(1000) 

12 

5 

0 

90.62 

(0) 

- 

- 

- 

117.04 

(1000) 

Soft 0 

0 

0 

90.53 

(0) 

- 

- 

- 

115.83 

(1000) 

0 

0 

-5 

90.22 

(0) 

- 

- 

- 

116.85 
C 1C 12) 

12 

0 

-5 

50.32 

(0) 

- 

- 

- 

116.39 

(1000) 

-12 

0 

-5 

90.31 

(0) 

- 

- 

- 

116.17 

(1000' 

0 

5 

0 

90.69 

(0) 

- 

- 

- 

116.91 

(1000) 

12 

5 

0 

90.32 

(0) 

- 

- 

- 

110.74 

(1000) 
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TABLE 39 EFFECT OF ROTOR CONFIGURATION AND SPEED ON 
FREQUENCY OF FIRST EDGEWISE NODE OF BLADE S/N 8 


- > not available 


Configuration Frequency, Be 

Flex Pitch Precone Droop < ( epged, rpa) 


Stiff 

0 

0 

0 

24.02 

(0) 

24.31 

(400) 

24.51 

(650) 

24.72 

(600) 

25.09 

(?.000) 


12 

0 

0 

- 

- 

24.53 

(680) 

- 

25.31 

(1000) 


O 

0 

-5 

23.91 

(0) 

- 

- 

- 

24.46 

(950) 


12 

0 

-5 

23.68 

(0) 

- 

- 

- 

24.83 

(1000) 


0 

5 

0 

23.78 

(0) 

- 

- 

- 

24.50 

(1000) 


12 

5 

0 

23.63 

<0) 

- 

- 

- 

24.79 

(1000) 

Soft 

0 

0 

0 

22.03 

(0) 

- 

- 

- 

22.51 

(1000) 


0 

0 

-5 

19.98 

(v) 

21.16 

(410) 

21.82 

(710) 

- 

22.25 

(1012) 


12 

0 

-5 

19.98 

(0) 

- 

- 

- 

22.74 

(1000) 


-12 

0 

-5 

20.04 

<0) 

- 

- 

- 

22.74 

(1000) 


0 

5 

0 

21.91 

(0) 

- 

- 

- 

21.35 

(1000) 


12 

5 

0 

21.83 

<0) 




21.99 

(1000) 
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TABLE 40 EFFECT OF ROTOR CONFIGURATION AND SPEED ON 
FREQUENCY OF 1' fRS" TORSION MODE OF BLADE S/N 8 


- » not available 


Configuration Frequency, Hz 

Flex Pitch Precone Droop ( speed, rpa) 


Stiff 

0 

0 

0 

43.61 

(0) 

45.00 

(400) 

44.51 

(650) 

48.50 

(800) 

47.93 

(1000) 


12 

0 

0 

- 

- 

46.14 

(680) 

- 

47.57 

(1000) 


0 

0 

-5 

44.24 

(0) 

- 

- 

- 

53.87 

(950) 


12 

0 

-5 

44.19 

(0) 

- 

- 

- 

49.49 

(1000) 


0 

3 

0 

44.14 

(0) 

- 

- 

- 

48.64 

(1000) 


12 

5 

0 

43.95 

(0) 

- 

- 

- 

50.27 

(1000) 

Soft 

0 

0 

0 

37.96 

(0) 

- 

- 

41.26 

(775) 

44.10 

(1000) 


0 

0 

-5 

37.75 

(0) 

- 

- 

- 

40.63 

(1012) 


12 

0 

-5 

37.81 

(0) 

- 

- 

- 

40.17 

(1000) 


-12 

0 

-5 

37.94 

(0) 

- 

- 

- 

40.47 

(1000) 


0 

5 

0 

39.01 

<0) 

- 

- 

- 

38.60 

(1000) 


12 

5 

0 

37.89 

(0) 

- 

- 

- 

38.10 

(1000) 
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TABLE 41 SAMPLING RATE AND BANDPASS FILTER ASSIGNMENTS 


Excitation 
* requency 
Hz 

Sampling 

Rate 

saaples/sec 

Frequency 

Resolution 

Bz 

Bandpass 

Filter 

Hz 

0 - 1C 

100 

0.1 

fe * 2 

10 - 20 

200 

0.2 

f« * 3 

20 - 30 

400 

0.4 

fe t 4 

30 - 50 

1000 

1.0 

fe 4 5 

50 - 150 

2000 

2.0 

fe i 8 

150 - 300 

4000 

4.0 

fe t 10 


Note: fe - excitation frequency in Be 
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Figure 3 U TBG Vacuum Spin Rig 
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ROTOR HUB. FLEXURES AND BLADES* 







Figure 4 Conceptual Arrangement tor Mods! installation In the Vacuum Spin Rig 
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5 instrumented Model Rotor in the UTf 
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LEAD-LAG L'>CSiEN7, to ft 



ROTOa SPEED. RPM 



TEKSILE LOAD. 5b 



Figure 9 Comparison Detween Steady Lead* Leg Momsnts Peseurad at Various 
Speeds with those Measured In Static Tests 
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FREQUENCY, Hz 




FREQUENCY, Hz 



ROTOR SPEED. RPM 


Figure 11 Effect of Rotor Speed on Modal Frequencies for Rotor Configuration 6 (c) 
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Figure 15 Modal Amplitude Plot® tor Rotor Configuration 2 at 1300 RPM 
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Given a sat of digitised lima domain signature: 
X(tp, j-1, ...N 
Assume an analytical eravo form 


Y <tp-X NM exp (i m tp [^sln (2rrf m tp + cos (2nf m tpM-1, ...N 
m-1 


Minimize X JY (tp-X (L>J 2 

1-1 


Figure 19 Time Domain Kodai Curve Fit Aigerf&m 


t ^ *, s \ s r \ 9 ^ v • » 4 » ( i ' • ^ k i ( »^* 


* --4 
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Frequency 


/' 
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* 



»s 
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X (tp = A® cos |2trf («j) 4-$J 
a^u-FFT^C^] 
Aasumo« u ^l^f u + 1 Af»? u + 1 -f u 


J aO,~*3-1 

u«0,„4N/2-1) 

^u+1 

P £E ' — — 1 "’■* 

My aiy 


0<p£1/2 


V2<v 2S1 


f»f u + PAf 
ASi^/sIn (ri/) 
<t>*z<t> u -Tn' (N*1)/N 


A S ir (1 - p ) M u + t f sin {v - tv) 
0S<} u<|r1 +ir(1-p):N-1)/N 


Figure 20 FFT Spectrum Interpolation Formulas 
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RUN' 
RUN- 
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RUN 
RUN 


>58 B. IMUX-1 

np"cf»<*oj . 
>589. 1MU*»2 
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Figure 21 Sample input Data File 
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RUN«588, CHANNEL- 1. DATE- €88. MODE* 1. VACUUM* 0. RPM* 8 
SAMPLING RATE 180.. PITCH* 8. PRECONE* 8. OROOP* 0 
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k 
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A. 
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MICRO 

STRAIN 



FFT MAGNITUDE FOR RUN NO 588. CHANNEL » 
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r 







MICRO 

STRAIN 



FREQUENCY <KL'> 

Figure 22 Options! Graphics Output: Typical Tima History and FFT Spectrum 
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INPUT SIGNATURE USED FOR HCF FROM CHANNEL t RUN 588 
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RUH»588> CHANNEL® 5, GATE® 608. M0B£« 1. UACUUH's 6. RPR“ 0 
SAMPLING RATE 108. PITCH® 8. PRECOKE® 0, DROOP® 0 


MICRO 
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■/ 



' / 


FPI MAGS’ i TUBE FOf RUM MO 588 . CKftKNEl 5 





wJukO^ V-!?w. t*!K ^ \kV.V.£ tf 


.•*, itf ' * ft. W’-V-V*' 




aIlas ucf .)uV 


i 

i 

A 

s 

6 

1 

9 

\i 


itS L l$T 

UuN 
POINT 
TjHk 

nkr 


?ip^ c 


s«" 


si 


TRICgE 

ft! !U$ 

BOX' LI ST 
nux pqsn 
nox ST XT 
HUX CND 
? AL *UUE 
PLAC 


Sll 

L 

92V 

60S 

0 

A 

l l 


-li¥ ? * 
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A 
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Figure 25 Optional Tabulated Output: ATLAS Tape Dump 
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400 
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1 5»2° 


0 *fS’ HG i&ftlf ISlif 

-O.Tgg 8.0M0 94.46 
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RESULTS OF MODAL INTERPOLATION FOR CHANNEL 2 


FREO 

(HZ) 

S.20 
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6.21 


PHASE 

t OiG) 
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Figure 26 Optional Tabulated Output: Example of Curve Fit end Interpolation Details 
and Results 
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